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ABSTRACT

TN e &l

This report contains a brief introduction to the field of damping
capacity in materials and an extensive, annotated bibliography. The
' introductory material presents the fundamentals of damping, general
methods of measuring internal friction or damping capacity, and
some representative damping properties, The bibliography contains
over 2300 references to pertinent literature published from 1955
through 1965, and is cross~indexed by both author and subject. %\

In addition, computer searches were run by Defense Documen-
tation Center and by the National Aeronautics and Space Administration
for location of pertinent literature published during the last four years.
Articles, books, and papers are listed alphabetically by the author's |
last name. (Where there is more than one author, the alphabetical
listing is by last name of first author.) Reports are listed alphabeti-
cally by the corporate author, that is, by the corporation, company,
or agency from which the report originated.
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FOREWORD

The purpose of this report is to present a collection of authorita-
tive timely references in the field of material damping (internal
friction) and to organize these references in an easily accessible
manner. The introductory discussion of various aspects of internal
friction is not meant to be exhaustive, nor is it meant for the expert,
Its purpose is to provide the reader, not familiar with damping phe-
nomena, a sufficient background to understand and to utilize the
damping literature cited.

The author in compiling this bibliography has attempted to make
as complete a list as possible of recent sources of information on
damping capacity of materials. This bibliography begins with citations
from 1955 and continues through 1965. An existing literature survey
covers damping of materials before 1955, (Wright Air Development
Center, BIBLiOGRAPHY OF THE MATERIAL DAMPING FIELD by
L. J. Cemer, June 1956, TR-56-180.)

Abstracts contained herein were taken directly from abstract
jburnals, wherever possible, The sources consulted were:

(1) American Society for Metals Review of Metals
Literature

(2) Applied Science and Technology Index

(3) Ceramic Abstracts

{(4) Chemical Abstracts

(5) Engineering Index

(6! Iron and Steel Institute Abstracts

(7) Nuclear Science Abstracts

(8) Physics Abstracts

(9) Rubber Abstracts

The author is gratefui to Mr. P. R. Held for his diligence in
compiling this information, and for the efforts of Misses Sue Fribley,
Kathy Shafer, and Nancy Ciccone, and a number of other staff mem-
bers, particularly those associated with the Battelle Library and the
Defense Metals Information Center.
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Section I. INTRODUCTION

While this bibliography was being compiled, a newly published
damping of materials bibliography! covering the same time period was
received by the Defense Metals Information Center of Battelle Mem-
orial Institute, Upon examination, it was found that in spite of the
similarity in subject and dates, hundreds of references gathered up
to that point for this survey were not included., Similarly, hundreds
of references in that bibliography had not been located for this one.

LV ADe %

It was concluded that normally effective and fairly complete
search procedures are apparently not adequate when some lesser
known area of a particular subject is under scrutiny. Thus, while
the present collection of references and abstracts is undoubtedly the
most comprehensive available, it is not exhaustive.

References in this report are restricted to materials generally
considered solid. Various glasses are included. References to liquids
and liquid metals were avoided, as were discussions of viscouity
(internal friction) of liquids or fluids in general. For the most part,
the various relaxation phenomena associated with fundarnental particles
have also been avoided. Nuclear magnetic resonance, ferromagnetic
resonance, and other such topics are not generally included. Sound
absorption references in relation to acoustical engineering have been
largely omitted. In some cases, these references were included be-
cause the absorption of sound waves can be used as a technique to
study material damping properties. Although internal friction is a
measure of the stress-strain relationships of a material, all of the
massive literature on elastic moduli and mechanical properties has
been avoided except in a few illustrative cases. Similarly, extensive
arcas of research in viscoelastic properties, particularly of plastics,
are not cited.

Also avoided was most of .he literature on damping caused by sur-
face friction, such as in rivet:d joints. In addition, primarily for
reasons of simplicity and usefulness, there are very few references
to unpublished talks, or to cursory discussions of the subject in
textbooks.
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Sectien Il. FUNDAMENTAL INFORMATION ON DAMPING

Internal friction or damping capacity is the ability of a material
to absorb vibrational energy. The material must be considered in
complete isolation from its surroundings.

Damping is an ancient and common property more familiar to the
general reader than is generally assumed. For example, the flip of -
coin to hear the ring was once a common test to distinguich the high-
damping counterfeit from the low-damping legitimate coin. The ring
of a crystal goblet alsc helps to distinguish the low damping of fine
crystal from the high damiping of the ordinary product.

High damping is a desirable property in many modern application:
In turbine buckets, in crankshafts, or in other devices where a part
can resonate at some frequency, high damping tends to minimize the
resonant amplitude, and thus minimizes the operating stresses to
which the part is exposed. On the other hand, low damping may be
required for proper functioning, as is the case with bells, tuning fork:
and parts of musical instruments (piano strings, for example). Damp-
ing capacity is in fact a preverty of considerable industrial importance

Another aspect of damping capacity--equal in importance to its
industrial applications--is its value as an analytical tool in modern
science, It is used to study diffusion, solubility, plastic deformation,
alloy segregation, and a number of other physical and mechanical

phenomena associated with material behavior. Therein lies a dichot-

omy dividing much of the literature on internal friction. A great deal
of the literature discusses internal friction from the pnint of view of
technological application (usually involving high stress environments)
while most of the rest of the literature considers internal friction
purely as a tool for the study of more fundamental phenomena (usually
involving low stress environment), This double standard has led to a
wide variety of testing methods, a rather complicated terminology, anc
a number of misunderstandings.

Basically, internal friction implies a deviation from perfect elasti:
city.? If a stress is applied to a specimen, and the strain is time-~
dependent or irreversible, then the stress-strain curve will enclose the
area shown on Figure 1. This area, representing work done, can be
referred to or represented in a variety of ways. Although there are
some objections, the term 'internal friction' appears to be generally
accepted, as is '"damping capacity.' ''Material damping' is perhaps a
mors descriptive term,




If a solid is vibrating freely, internal friction will cause a time-
dependent decrease in the amplitude of the oscillation. One of the more
common means of describing the damping is the logarithmic decrement

(6). This is the natural logarithm of the ratio of amplitudes one period
of vibration apart. Thus,

Ap

Ap g

5§ =4n

Because this ratio is close to unity where the damping is relatively

low:
An A -A + 1
hence ln[x———-] E'[ 1 . ]

n+1 [ 2nh+1

the logarithmic decrement is also a measure of the relative loss of
amplitude AA during one cycle of vibration

AA

§ = ——

A

Because the energy of vibration is proportional to the square of the
amplitude, it follows that the ratio of the energy dissipated per cycle
(AW) to the total energy stored (U) is related to 5 as:

AW
26—?-5 .

This is true only for small values of 6. S is called the ''specific loss'
or the '""specific damping capacity.' It is frequently expressed in per=-
cent., Therefore, both 6 and S have easily visualizable meanings,

At higher losses, the approximations implied above do not hold,
and S can differ appreciably from 26. Jenson? has put this relationship
into a convenient tabular form, as shown in Tables I and II,
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In many applications, internal friction is expressed as Q~!, whic
is the logarithmic decrement divided by . Q! is significant because
it represents the tangent of the phase angle between stress and stra:n
Thus, for relatively low damping,

koM

ey

-
- T.

_AA _aw

8 =xQ™?

A 2U

However, damping is generally measured over a number of cycles:

# fnn
Rk Ft

where t is the time in seconds it takes for the amplitude to decrease
to 1/n of its original amplitude at some frequency, F, in cycles per
second,

Damping is also frequently measured during resonance under

: forced vibration. This is sometimes called the bandwidth method.

@ In this case, the amplitude of the vibration depends upon the impose:i

frequency, as shown in Figure 2. The logarithmic decrement is relat
to the bluntness of the resonance peak. The logarithmic decrement is
given by:

e —m— T LU

where AF 18 the width of the resonance peak at an amplitude of I\/Z
of the maximum amplitude.

Damping may also be measured by observing the decrease in
amplitude of a wave as it passes through a solid body. If the amplitud:
at some point (A,) is related to the initial amplitude (A,) through the
relation: :

. : Ax = io exp (-ax) |,

LA

B then x is called the attenuation coefficient.
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Section lll. METHODS OF MEASUREMENT

Internal friction or damping capacity can be measured by a variety
of methods, many of which are described very thoroughly by Entwistle?
and Jenson?. In the main, however, three general methods are employed.
These methods are:
1. Torsional Pendulum
2. Resonant System
3. Ultrasonic Attenuation

(or Ultrasonic Pulse)

1.  Torsional Pendulum

In the torsional pendulum method, the specimen forms the
elastic member of the pendulum, as shown on Figure 3. The specimens
are generally in the form of wire, but rectangular sections (e.g., cut
from a sheet) are often used. In general, an inertia member of such a
moment as to cause a torsional frequency of 0.2 to 3 cycles per second
is suspended from the end of the specimen. Observations of oscillation
are often made by using an optical lever arm system. A mirror is
attached to the inertia bar, and reflects a beam of light to a scale some
meters distant. This permits oscillation of the nendulum to be observed
under considerable magnification, In some instances, the load on the
specimen is reduced by inverting the pendulum and compensating for the
weight of the inertia bar, as shown in Figure 4, Various automated
methods have been devised for such systems, among the best are those
of Salvi, Dantreppe, and Friess.® Specimens of large cross section are
sometimes used so that frequencies of hundreds of cycles per second can
be measured.?

2.  Resonant Systems

In these systems the specimen, usually in the form of some
simple geometric shape, such as a cylinder or right-angled prism, is
set into oscillation at its own resonant frequency, and damping measure-
ments can be made by observing the rate at which these oscillations
decrease in amplitude once the driving force has stopped, or by mea-
suring the width (in terms of driving frequency) of the resonance peak.
Such systems generally operate in the kilocycle region of frequency.
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Five different methods for exciting resonance are shown in Figure 5.

»«"\agg Hinton®, for example, has used an electrostatic drive. Both Entwistle3
L and Nowick’ have presented comprehensive reviews of the various
3 methods in use. Almost any transducer can be utilized. For handling

quantities of more engineering significance, even a commercial shake-
table can be used to induce resonance in a cantilever beam-type speci-
men. ’

3.  Ultrasonic Pulse

Internal friction can also be measured by introducing a mega-
cycle pulse into one end of a crystal, then measuring the attenuation in
the araplitude of the reflected (or the transmitted) pulse. Of the three
general methods, this is probably the most unsatisfactory at the
moment for the measurement of internal friction. This is because so
many different factors can be involved in the attenuation. Mason® is

one of the foremost advocates of this method.

e ie e e o & oo dBm pii kol dgrammathy o o G RN i o S o 2B e L o ok et et s Ll

R



! A - —

Section IV. SOME REPRESENTATIVE PROPERTIES

An example of information available in these abstracts is presented
here primarily to demonstrate that damping differs appreciably under
different conditions and that care is often necessary in applying data to
a real problem.

Birchon’ has collected information on a variety of materials, These
data are shown on Figures 6 through 9. Data, such as these, though
useful from a comparative point of view, are difficult to apply. This is
because most damping is strongly dependent upon both the stress ampli-
tude and the temperature at which it is taken. Figure 10, for example,
shows the temperature dependence of a 70/30 manganese~copper alloy,
While the damping is very high at zero, its usefulness as a high damp-
ing alloy at 100°C is most doubtful indeed.

The equal importance of stress amplitude is made abundantly
clear by the data collected by Kaufmanl? (Figures 11 through 14).
This view is reinforced by the data of Walsh, Jenson, and Rowland®! ,
as shown in Tables 3 through 6, and Figures 15 through 17, and by
data of Cochardt!? on Figure 18,

Even within a single material, such as cast iron, many factors
affect the damping. These include stress amplitude, 1nethod of stress-
ing, stress relief treatment, and cooling rate, as shown in Tables 7
through 10, Stress history can also alter damping, as illustrated on
Figure 16.

The engineering importance of damping capacity of non-metals is
pointed out in the following exerpt from an article by H, Kolsky!®,
"The materials known as high polymers, which include plastics and
rubbers, have mechanical prop ‘rties very different from conventional
engineering solids, and their increasing use in various structural
applications has made the measurement of their properties a subject
of growing importance, and one on which considerable experimental
and theoretical effort is being exerted. The outstanding difference
between the mechanical behavior of these materials and that of solids
composed of smaller molecular units is the very much greater depend-
ence of the former on the time of application of the stress, Thus,
Young's modulus for a steel wire can be determined either by hanging
a small weight on the end of the wire and measuring the extension or
by measuring the velocity of prupagation of longitudinal elastic waves
along the wire. The values obtained from ‘the two experiments would
be Zound to differ by not more than one or two percent, even though



b g~

ol

P e el BT o . WY 52T

o e i a———

the stress cycle to which the material was subjected could have a dura-
tion of many hours in the hanging-weight experiment, and a duration of
only a few millionths of a second in the wave propagation experiment.
If the same two experiments were carried out with a filament of natural
rubber, the vwo values of Young's modulus might be found to differ by
a factor of perhaps a thousand, the '"dynamic modulus' being very much
greater than the ''static.' Similarly, the effect of temperature on the
mechanical properties for a given rate of loading is many times greatc
for these high polymers than it is for crystalline materials such as
metals, Thus, the value of Young's modulus for platinum changes by
about one part in a thousand for a change in temperature of one-degree
centigrade, while the modulus of a plastic can change by 10 to 20 per-
cent per degree certigrade."

Another difference between the mechanical properties of polymers
and other solids is the very much larger internal friction exhibited by
polymeric materials, Internal friction may be defined in a number of
ways, but the most direct definition is in terms of the "'specific loss"
or, as it is sometimes called, the "specific damping capacity'. When
a specimen of a solid is taken round a stress cycle, a certain amount
of hysteresis is always present, the stress-strain curve for decreasing
stress always differing slightly from that for increasing stress. This
hysteresis corresponds to the dissipation of mechanical energy during
the stress cycle, and the specific loss is defined as the ratio AW /W,
where AW is the energy dissipated in the cycle and W is the elastic
energy stored in the specimen when the strain is a maximum. The
value obtained for a given specimen is found to vary with the speed of
the cycle and cften also with the amplitude, although for small stresses
the specific loss is generally insensitive to amplitude.

Internal friction may be defined in a number of other ways, for
example, as the logarithmic decrement of free vibrations of a mechani-
cal system, where a specimen of material under investigation provides
the restoring elastic element, or alternatively as the sharpness of
resonance of such a system., At high frequencies, the attenuation of
stress waves propagated through the material provides yet another
method of measuring internal friction and, so long as the value of
AW /W is small compared with unity, it may be shown that all these
different definitions are mathematically related to each other, and
measurements made on any one material by different methods have
been fourd experimerntally to be in good agreement with one another.

DR AL v s e mepn it Beaarar et em



For crystalline materials, very low values of the specific loss
AW /W have been observed; thus, for a quartz ring, values as low as
3% 10°° and, for ordinary polycrystalline metals, values between =
1073 and 107* are cornmon. With polymers, however, especially when
they are in the rubber-like state, the value of the specific loss can be
as large as 0.5,

The mechanical properties of an isotropic elastic solid are defined
once two quantities (Young's modulus and Poisson's ratio) are known.
The temperature coefficient of these quantities may also be needed if
considerable temperature variations are expected, but for most engi-
neering applications it is possible to ignore changes of modulus with
temperature and to regard the elastic constants as temperature inde-
pendent., For high polymers, the situation is quite different, and to
assign a modulus to these materials without specifying the rate of
application of the load and the temperature is quite meaningless. In-
stead of two numbers, a series of curves, which will give the modulus
and the specific loss for different rates of ivading at a series of tem-
peratures, is necessary before the mechanical behavior of these
materials is defined, A considerable amount of experimental work is
consequently required to specify the mechanical behavior of such
materials, even where only small deformations are involved. Thus,
in an investigation of the dynamic mechanical properties of a single high
polymer, polyisobutylene, which was undertaken as a joint venture by
twenty-seven different laboratories a few years ago, it is estimated
that one hundred man-years of research were expended.



Section V. MECHANISMS OF DAMPING

It is not possible at this time to begin a detailed discussion of the
mechanisms responsible for damping. During the course of the searc.
however, several excellent reviews were encountered, and these are
listed here for the convenience of those who wish to dig deeper.

¥

K. M, Entwistle,
THE INTERNAL FRICTION OF METALS, Metallurgical Reviews,
Vol. 7, 1962, pp. 175-239, ‘

R. W, B, Stephens,

THE APPLICATIONS OF DAMPING CAPACITY FOR INVESTIGAT
ING THE STRJYCTURE OF SOLIDS, paper from Progress in
Nondestruct.ve Testing, Heyw od and Co., Ltd., London, Englan:
1958, Vol. 1, pp. 167-198,

= e

A, E. Woodward,
' MECHANICAL RELAXATION PHENOMENA, paper from Physics
and Chemistry of the Organic Solid State, Vol. II, 1965, edited by
D. Fox, M. M, Labes, and A, Wersberger, Interscience Publish
pp. 637-723.

i g mm

-

D. H. Niblett and J. Wilks,
DISLOCATION DAMPING IN METALS, Advances in Physics,
1960, Vol. 9, pp. 1-88,

A. Cochardt,

MAGNETOMECHANICAL DAMPING, Proceeding, Mggnetic
Properties of Metals and Alloys, American Society for Metals,
Novelty, Ohio, 1959, pp. 251-279.

K. M. Entwistle,

THE DAMPING CAPACITY OF METALS, paper from the Physical
Examination of Metals, edited by Bruce Chalmers and A. G.
Quarrell, London, England, Edward Arnold, Ltd., 1960,

pp. 487-558. '
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Section Vi. COMMENTS

It has become clear during the conduct of this search that there is
much communication lacking in the field of damping. It is exceedingly
difficult to find out what is available, even when, in some cases, it is
readily available. This is in part because damping is only now being
recognized as an important mechanical property. Even now, however,
appropriate data are being filed (or misfiled) under such a variety of
names that even a search in depth has no assurance of uncovering
fairly large masses of significant data. Further, much of what is
presumed to be pertinent data remains untranslated in a variety of
foreign tongues for years after it is generated. The time is ripe, it
would seem, to do something about this problem. Specifically, we
would like to suggest the following.

1) That surveys in depth of the damping of specific materials or
classes of materials (mild steel, or Invar, or high damping
metals, for example) be undertaken. These would collect
and tabulate data from all available sources.

2) That these survey funds be augmented by small but significant
experimental funds so that some of the more obvious gaps in
the literature can be filled. (There are, for example, virtually
no engineering data on the damping of 304 stainless, or on Ni
Span C, or beryllium.)

3) That these surveys in depth be so constituted that data forth-
coming subsequent to publication can be conveniently added to
the earlier data.

These surveys, by placing available data at the fingertips of the
engineers and designers by whom they would be used, would serve in
__no small way to both emphasize the importance of damping in modern
—engineering and to ensure that what is known is used.

11
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Table VIII.

of Various Cast Irons (From Plenard“)

Influence of Amplitude of Vibrations on Damping Capacity

Damping capacity

{1) Measurements made for damped longitudinal vibrations.
(3) Measurements made for damped transverse vibrations.

Amplitude 5 x 10
Specimen (arbitrary ‘
Type of iron No. units) (1) (3)
Spheroidal graphite 183 0.1} 9.1 4.8
iron 0. 16 9.3 5.2
0.25 9.3 6.0
0.5 9.3 -—
2.71 — 6.3
0.9 9.4
Fine Flake graphite 451 0,1 28,0 45.3
iron 0.16 28,0 45.3
0.25 28,5 45.3
0.5 29.0 53.0
0.7 30.0 60.0
Coarser flake graphite 60 0.1 120 59
iron 0.16 125 61
0.5 125 62.5
0.9 130 80
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At

Table XI. Influence of Cooling Rate on Solidification on Damping
Capacity of Cast Irons (From Plenard*)

(2) Measurements
(3) Measurements
(4) Measurements

(1) Measurements made for damped longitudinal vibrations,
made for maintained logitudinal vibrations.
made for damped transverse vibrations,
made for maintained transverse vibrations.

Diameter
of cast
Specimen _bars Damping capacity § x 10*
Type of iron No. mm in. (1) {2) (3) (4)
Coarse flrke 424 6 0.24 21.7 11.4 14.2 -
graphite iron 425 10 0.39 108 30.6 45.0 -
426 15 0.59 103 150 97
427 22 0.87 251 330 193
428 30 1.28 544 770 384
429 50 1.95 647 426
Fine flake 86 22 0.87 18 30 23
graphite iron 87 32 1.25 63 90 65
88 50 1.95 90 90 68
Spheroidal 141 22 0.87 8.1 5.6 5.4 5.3
graphite iron 142 32 1.25 11.1 6.5 8.4 5.3
143 50 i.95 8.8 6.5 6.7 5.2
Ferritic spheroidal 134 10 0.39 20 9 10 8
graphite iron 135 15 0.59 20 10 12 8
treated with 136 22 0.87 29 13 17 11
sintered Fe-Mg 137 32 1.25 29 13 17 11
Flake graphite 550 15 0.59 24.7 12.0
iron inoculated 551 22 0,87 38.5 16.7
with $i 553 50 1.95 41.5 16. 6
Flake graphite 554 10 0.39 17.2 10. 6
iron inoculated 555 15 0.59 28. 6 12.9
with Si-Mn-2Zr 556 22 0.87 34.5 14.8
558 50 1.95 36.0 16.9
Flake graphite 559 15 0.59 25,3 11.2
iron inoculated 560 22 0.87 26.3 13. 6
with Si-Ca 561 32 1.25 38.0 18.1
562 50 1.95 27.4
Flake graphite 563 15" 0.59 26.0 12,3
iron inoculated 564 22 0.87 30.5 13.7
with Fe-Si, %65 32 1.25 29.4 14.3
Si-Ca and 566 50 1.95 66.5 26. 4|
Si-Mn-2Zr
Flake graphite iron 89 22 .87 48 65 46
for camparison 90 32 1.25 71 80 56
91 50 1.95 102 125 103
Flake graphite iron 92 22 0.87 56 75 51
treated with Zr 93 32 1.25 93 110 17
94 50 1.95 112 180 105
Flake graphite iron 54 22 0.87 77
bubbled with 55 50 1.95 45.8
nitrogen
Recarburized 118 32 L.25 47.1
ingot mold iron 119 150 5.90 116
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Figure 1. Hysteresis Loop in Stress-Strain
Diagram (After Jenson?)
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Figure 2. Typical Resonance Peak, Showing Variation
of Amplitude with Frequency at and near Resonance
(After J’enlonz)
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Figure 5. Schematic Diagrams of the Apparatus

ELECTRODE

for Various High Frequency Methods of
Measurement of Internal Frictic..
(After Nowick')
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SPECIFIC DAMPING CAPACITY (percent) —o=

—,‘ 0 | 2 s Py
ﬂ w En 3 (0:17% C. Mild Stesi-Normalized)
S Spheroidised y
? Water Quenched 800°C }I.S. 1407 (Silver Steel)
Water Quenched 800°C, Aged 100°C, | I/2 Nours
. En 23/T (3% Ni, 1% Cr, 0-3% C)

‘ SN E 12/Q (1% NI, 0-4% €)
. NI En 19/U (1% Cr, 0:39% Mo, 0-4% C)

B.5.862 (12% Cr,0-2% C) Quenched and
AAANANNANNNANNNANNNNNANNNNNNRRNNN A 4 s
ERRSIEENNNY En 588 (18% Cr, 8% Ni, 0-6% Ti,0:19%C) Solution Treated 1080°C
ASSSNN] NMC (0-62% C, 3-86% Cr, 8-6% Ni, 7-3% M) ’ oution Treste
NS En 38A (189% Cr, 8% NI, 0:19% C) ' And Water Quenched

SN Longiey i1k

Figure 6. Damping Capacities of Some Steels at 5,000 psi
Surface Shear Stress (After Birchon’)

SPECIFIC DAMPING CAPACITY (percent) —

T e e o Py e

0 L] 10

S Hidurel 6 (As Cost)

meun Meta! (88% Cu.,10% Zn., 2% $».) >

NI Bross (8.8. 265 As Extruded) c
JHidurel 5 (As Cast) <

Ay Midurel 7 (As Cest) “

N High Tensile Brass As Cast (€ in C. 2C100)

[\ Nevoston

Y3440

JA.R. 87 (0TD. 8004 W.P.)
BR.R. 68 (OTD. 50ie W.P)
ROAAMONANNNANNNNNNY Hiduminium 100 (8.A.0,)

$A0IY

WNISINOYN  WNININATY

A O O O NS Mg/2n/2r/ Th (DTD. 5008) »
RXXXS) Myg/2n/Mn (8.9, (278) -
S Mg/2n/2¢ (DYD. T721A). <
NI Mg/Ag/Ze (Magnosium Elskiron M.S.R. Alloy) “

|
l
Ourslumin (HE 14) I
|

T T R E S SRR NSSNNSN Maltory No-Chat
m Ni/2:8% Thorie

a Figure 7. Damping Capacities of Some Non-

' ferrous Metals, Copper and Aluminum
Alloys at 5,000 psi Shear Stress, Mag-
nesium Alloys at 3, 000 psi, Mallory
Nochat and Nickel-Thoria at 19, 000 psi.
Nickel-Thoria Provided by International
Nickel Co. (Mond) Ltd, (After Birchon?)
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SPECIFIC DAMPING CAPACGITY (percant) —»
] IO 20 30 40

‘SW (60/40 Mn./Cu.)
| AAANRANAANANANANRNANRARNRARNNARNNRNANN Ry 7T DR
AT (80/80 Ma./Cu.)
AT (85/15 Mn./Cu.)

80/20 Ma./Cu.)
EREREIRESSESNiSTY (90/10 #:./Cu.)

EREIOIiiiitstSESENSSNY (NITINOL 55/45 Ni./Ti) Y
ARTIEITTITINEIIEN SR (N YLON 12)

ERROREY) (Tutnoi Voie Brand)

Figure 8. Damping Capacities of Some Wrought Manganese-
Copper Alloys, Heat-Treated for Maximum Damping
Capacity, Measured at 5, 000 psi Surface Shear Stress.
Nitinol Measured at 10, 000 psi; Nylon, 100 psi; Tufnol,

10 psi (After Birchon?)

SPECIFIC DAMPING CAPACITY (percent) — —o~
o} L] IO |5 20

;\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ High Carbon inoculated Fleke Iren.
2:5% 1., 1:9% $i.,1:0% Mn., 20-7% Ni.,
1:9% Cr., o 13% P.

mspun-cm Iron. 3:849% T.C., 3-39% 6.C., 199 8i.,0-4% Mn,,

0-38% P.

EKERSREEREEERY Non-inoculated Fiake iron } 3:3% T.C.,2:2% 8i.,, 0-5% Mn.,
[ISSSSSSSSSSSY) Inocuicted Sleke iron o 14% P., 0-03% 8

DOONNNSNANNGY Aul'onmc Floks Grephite 2 5% 1.C., 9% 8i., 1% Mn., 20:7% Ni.,
-99% Cr., 0:03% 2, 0-03% §

KNS Atioyed Fieke araphite 3:14% T.C., 2% 8i., 0-6% Mn., 0-7% Ni., 0-4%% Mo,,
0:14% P, 0:03% 8.

INNNN\NN m«m-cum Austenitie Flaks 2:889% T.C, I'9% $i., 11259 Mn., 18:2% Ni.
7:3% Cu., 2% Cr., 0:03% P, 0-04% 8. " "

MUnunoolu Fiake Grephite, Titanium/COr Treated 3-27% T.C, 2:2% 8i,,
0-6% Mn., 0-38% Ti.,, 0:14% P, 0:03% 8.

TESSSY Annesled Ferritic Nedutar 3:7% T.C., 1:0% 81, 0-4% Mn., 0-76% Ni., 0:08% Mq.,
0:03% P.,0:01% 8., <0:.0039% Ce.

m Pacriitic Melieable B.8. 3333/I96! Grade B 33/4

m Blackheart Malleable B.8. 310/1958 Grade B 22/14

As Cost Pearlitic Nodular 3-66% T.C., 0% 8., 0-4% Mn., 0-76% Ni., 0-06% Mg.,
mo'os"'az, P, 0.01% 8., 3'00392" * fada » %

Figure 9. Damping Capacities of Some
Cast Irons at 5, 000 psi Surface Shear
Stress, Samples Provided by B,C.I,R.A, ‘
(After Birchon® )

27

e e TN i el e -




v y' "

i

Sw e -p -

ol
Q

[
o)

o

SPECIFIC DAMPING CAPACITY, (percent) ™

A

-850 o $0 100

TEMPERATURE °C

Figure 10, Variation in Torsional Damping Capacity
at 5, 000 psi Surface Shear Stress, of 70/30
Manganese/Copper, Solution-Treated for Two
Hours at 750°C, Water Quenched and Aged at
450°C for Two Hours, Followed by Water
Quenching (After Birchon®)
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Figure 14. Cladding Increases the Damping
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Appendix A. SELECTED BIBLIOGRAPHY

1. Aamink, D. K., Webbre, F, J., and Boegehold, A. L.,
G. M. RESEARCH LABS DEVELOP, NEW (NICKEL) TUR-
BINE BUCKET ALLOYS, S, A, E, Journal, Vol, 63, No, 8,
1955, pp. 36-38.

Damping tests are carried on in addition to the various
mechanical tests with this new alloy.

2. Adamson, B. A,,
A METHOD FOR MEASURING DAMPING AND FREQUENCIES
OF HIGH MODES OF VIBRATION OF BEAMS, Publ, Int,
Assn, Bridge Struct., Engng., 1955, 16 pp.

Two experimental methods for determining natural fre-
quencies of high modes of vibration of beams are proposed.
The use of both methods simultaneously permits determina-
tion of damping as well.

The first method makes use of a load distribution similar
to the nth rnode of vibration, The second method requires
that two series-coupled strain gages be cemented to the beam
at places which result in the maximum output of certain
modes.

It is found that Mindlin's '"constant Q theory" best
expresses damping in these beams. It is also concluded
that Timoshenko's theory involving rotational inertia and
shearing forces comes closest to agreeing with the mea-
sured frequencies,

3. Alers, G, A,,
ULTRASONIC ATTENUATION IN ZINC SINGLE CRYSTALS
WHILE UNDERGOING PLASTIC DEFORMATION, Physical
Review, Vol. 97, 1955, pp. 863-869,

The attenuation of 7 mc/sec ultrasonic pulses in zinc
single crystals before, during, and following plastic defor-
mation was measured by the ultrasonic-pulse technique,
Simultaneous measurements of the time-dependent plastic
strain at constant stress were made in order to study the
correlation between this strain and the attenuation,
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Anderson, O, L. and Bémmel, H, E,,
ULTRASONIC ABSORPTION IN FUSED SILICA AT LOW
TEMPERATURES AND HIGH FREQUENCIES, American
Ceramic Society, Journal, Vol, 38, No., 4, 1955, pp. 125-
131,

Absorption of 60 kc/sec to 20 mc/sec sound waves at
temperatures of 30° to 50° K appears to result from prop-
erty of glassy state since absorption does not occur in
crystalline silica.

Ang, C. Y., Sivertsen, J., and Wert, C.,
ANELASTIC PHENOMENA IN ALLOYS OF GOLD AND NICK-
EL, Acta Metallurgica, Vol. 3, 1955, pp. 558-565.

Two relaxation peaks are found in polycrystalline alloys
of gold and nickel between room temperature and 600°. One
of these peaks was identified as the order peak; the origin
of the other is uncertain. Both peaks exist in alloys guenched
from the solid-solution region of the constitution diagram.
Upon annealing of these quenched solid solutions, both peaks
disappear.

Anglioletti, A.,
APPARATUS FOR DYNAMIC MEASUREMENTS OF HYSTER -
ESIS AND SHEAR MODULUS OF RUBBER VULCANISATES,
Kautschuk und Gummi, Vol, 8, WT, 1955, pp. 219-226.

This apparatus for measurement of dynamic shear mod-
ulus and hysteresis loss is suitable for routine laboratory
measurements; it employs the forced-resonance torsional
oscillations of a system in which the test piece represents
the viscoelastic element. The frequencies available for the
experiments are between 20 and 100 cps, the temperatures

between -20°* and 110° C,

Anonymous,
SANDWICH MOUNT DAMPS SHOCK, Aviation Week, Vol, 63,
24 October 1955, p. 86.

Illustration and brief description of aluminum and rub-
ber sandwich support bracket and shock mountings developed
by the Stillman Rubber Comgany to support after-body engine
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sections of the L.ockheed 1049A, The Flexmount was designed
to withstand applied loads in shear and additiona) loads
caused by engine vibrations.

Anonymous,
WHICH TYPE OF PULSATION DAMPENER FITS YOUR

COMPRESSOR PROBLEM? Petroleum Processing, Vol, 10,
November 1955, pp. 1724-1725. B

This article was based on the paper, "Control of Pulsa-
tions in Piping Systems'', by C. Newman and N. H. Moerke,
presented at the American Society of Mechaniczl Engineers'
Petroleum Mechanical Engineering Conference, September
1955, The article describes high-pass and low-pass damp-
eners.

Antonovich, A. V.,

AUTOMATIC RECORDING SYSTEM FOR MEASURING
DURATION OF OSCILLATION PROCESSES, Zavodskaya
Laboratoriya, Vol. 21, No. 6, 1955, pp. 728-731 (In Russian).

The apparatus described permits recording of duration
of oscillation processes in some special cases of laboratory
investigations; in particular, when testing metallic samples
or components for fatigue continued to the destruction point,
The transmitter of the apparatus consists of a metallic plate
placed near the oscillating components, constituting with it
a capacitor with an aid dielectric. The oscillation of the
sample gives rise to change in capacitance, which, in its
turn, causes current pulsation in the transmitter circuit.
The pulsations are amplified by a three-stage amplifier and
recorded on a special self-recording device; from this record,
it is possible to establish the instant the oscillations of the
component stop, or the instant of component destruction.

Arnold, F. R,,

STEADY-STATE BEHAVIOR OF SYSTEMS PROVIDED WITH
NONLINEAR DYNAMIC VIBRATION ABSORBERS, Journal

of Applied Mechanics, Vol, 22, December 1955, pp. 487-492.

The nonlinear dynamic vibration absorber is included in
the systems studied.
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Asanuma, M. and Ogawa, S.,

THE MAGNETIC AGING OF PURE IRON(II), Physical Society
of Japan, Journal, Vol. 10, 1955, pp. 1025-1026. '

A wire of commercially pure iron was purified by anneal-
ing in a wet H, atmosphere and then dissolving 0. 0065 per-
cent by weight nitrogen in the specimen. The precipitation
during aging was investigated by measuring the internal
friction at 140°. The decrease of initial susceptibility ver-
sus aging time at 140° was found. It is concluded that Fej;¢N2
which precipitates first is dominantly responsible for the
decrease of magnetic initial susceptibility. Fe4N precipitates
later and affects the susceptibility to a lesser extent,

Bainton, G. W.,
USE OF THE REPEATED HYSTERESIS LOOP FOR EVALU-
ATING REINFORCED PLASTICS, Plastics Technology,
June 1955, pp. 290-294.

Standard strength tests have been used to determine the
relative worth of resins and filler structures under various
conditions of temperature and humidity, and much has been
learned in the past about behavior under static load through
the use of creep tests, It is the purpose of this paper to show
that such data can be supplemented by the study of the hyster-
esis loops and flexurai modulus during repeated unidirectional
cycling of a specimen in flexure. The paper is concerned in
particular with the variation in safe working loads as a func-
tion of differences in reinforcing structure, ard with the rate
and mechanism of failure encountered, Three types of glass
reinforcement were used in these tests: rove cloth, fabric,
and unidirectional roving. The magnitude of the resin-glass
interface plane in shear varies with different sample con-
structions and controls the behavior of the samples under
repeated stress. It was found that hysteresis energy loss
provides a means of measuring the effect of stress at the
resin-glass interface, With repeated stress cycles, mea-
surement of hysteresis loss provides a means of following
the changes occurrin: at this interface, The flexural modu-
lus indicates the degree to which the glass fibers take stress
intention and compression, With repeated stress cycles,
changes in flexural modulus indicate changes (broken fibers,
loosened fiber bundles) in the ability of the glass to take lcad.
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Berry, B. S.,
APPARATUS FOR THE MEASUREMENT OF THE INTERNAL
FRICTION OF METALS IN TRANSVERSE VIBRATION, Ll
Review of Scientific Insiruments, Vol. 26, 1955, pp. 884-887.

For measuring the internal friction of vertically sus-
pended specimens, vibrating transversely, a device is des-
cribed which has utilized a piezoelectric pickup of special
design to serve in turn as an exciter and detector, The
apparatus was suitable for measurements by the free-decay
method in the frequency range of 5 c¢ps to 2 kc/sec and at
maximum strain-amplitudes of 10~* to 5 x 10~ 7,

Berry, B. S.,
PRECISE INVESTIGATION OF THE THEORY OF DAMPING
BY TRANSVERSE THERMAL CURRENTS, Journal of Ap-
plied Physics, Vol. 26, No. 10, October 1955, pp. 1221-1225,

The frequency-dependence of internal friction of four
alpha-brass (62.5 percent copper) reeds was measured at
room temperature under conditions where contributions to
the internal friction other than that arising from transverse
thermal currents were small and assessable. Measurements
were made by the free-decay method at maximum strain
amplitudes of 5 x 1078, By using specimens of two different
thicknesses, frequencies differing from the frequency of peak
damping by nearly a factor of 20 were obtained by measure-
ments in the range 7 to 370 cps.

Birnbaum, H. K.,
DOUBLE-VALUED INTERNAL FRICTION BEHAVIOR, Acta
Metallurgica, Vol. 3, No. 3, May 1955, pp. 297-299.

Single crystals of sodium chloride, silver and aluminum
relate type I (large hysteresis) and type II (small hysteresis)
behavior,

Bishop, R. E. D,,
THE TREATMENT OF DAMPING FORCES IN VIBRATION
THEORY, Royal Aeronautical Society, Journal, Vol. 59, No,
539, 1955, pp. 738-742,

The purpose of mathematical theories of damping in
vibration theory is discussed. It is concluded that the theory
of hysteretic damping is a useful one since it provides an
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alternative to the friction of viscous damping while retaining
mathematical linearity in the equations of motion. The word
hysteretic is proposed for use in this sense instead of the
previously used adjective, namely structural. Complex
damping is related to hysteretic damping in a way that is
explained.

The theory is given for forced oscillations of a system
with one degree of freedom. Itis shown that free vibration
cannot be treated satisfactorily unless the definition of
hysteretic damping is widened in some way to cover non-
harmonic motion,

Bleakney, H. H.,
AN EVALUATION OF THE RECOVERY THEORY OF CREEP,
Canadian Journal of Technology, Vol. 33, January 1955,
pp. 56-65.

In this paper, evidence is presented to show'that the
phenomenon oi creep-rupture embrittlement is not neces-
sarily inconsistent with the recovery theory; that the equi-
cohesive temperature concept may be invalid; and that Ké's
conclusions are not substantiated by the evidence. Itis
suggested that the opposing influences of strain-hardening
and thermal softening, modified by factors introduced by
metallurgical instabilities, are the fundamental verities of
creep.

Bleakney, H. H.,
INTERNAL FRICTION IN TITANIUM AND TITANIUM-
OXYGEN ALLOYS, Acta Metallurgica, Vol. 3, No. 1,
January 1955, pp. 103-104.

This article shows that stress relaxation across grain
boundaries cannot explain the rapid drop in modulus of
elasticity at elevated temperatures,

Bdmmel, H. E.,
ULTRASONIC ATTENUATION IN SUPERCONDUCTING AND
NORMAL-CONDUCTING TIN AT LOW TEMPERATURES,
Physical Review, Vol. 100, No. 2, 15 October 1955, pp. 758-
759.

Tin single crystals of 99. 98 percent show at 10. 3 mc/sec
an attenuation which is, at its maximum value (at the transi-
tion temperature), 100 times larger than that of a 99, 98
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percent crystal, In the purer sample, the attenuation in the
normal state is substantially decreased by magnetic fields
of a few hundred oersted, This is ascribed to the magneto-
resistive effect which is appreciable at the high conductiv-
ities (approximately 101° ohm !cm™}) involved.

Bommel, H. E., Mason, W. P,, and Warner, A. W.,Jr.,
EXPERIMENTAL EVIDENCE FOR DISLOCATIONS IN
CRYSTALLINE QUARTZ, Physical Review, Vol. 99, No. 6,

. 15 September 1955, pp. 1894-1895,

Measurements of the internal friction of single crystals
from 1, 5° to 300° K in the 5 to 80 mc/sec region are des-
cribed. These show that two relaxation frequency T curves
are obtained, the lower activation energy curve being attrib-
uted to dislocations.

Bordoni, P. G.,
INVESTIGATIONS OF THE SOLID STATE AT HIGH TEMP-
ERATURES CARRIED OUT BY MEANS OF ULTRASONICS,
Journal de Physique et le Radium, Vol, 16, 1955, pp. 285-
289; Ricerca Scientifica, Vol, 25, 1955, pp. 847-859.

A systematic ultrasonic study is being made on the
elastic and anelastic properties of antimony, lead, zinc,
bismuth, cadmium, magnesium, aluminum, and copper,
Thus far, the results show that when the temperature
increases, the tension modulus and the torsion modulus
tend toward a limiting value different from zero, following
a law of a general type that can be deduced from statistical
mechanics. - N

Brekhovskikh, L. M, and lvanov, I. D.,

ON ONE SPECIAL FORM OF DAMPING IN WAVE PROPA-
GATION IN LAMINAR NONHOMOGENEQUS MEDIA,
Akusticheski Zhurnal, Vol, 1, No. 1, 19555 pp. 23-30 (In
Russian), : 7

An examination was made of wave propagation in a layer
which is bounded on one side by a nonhémogeneous medium
in which the wave propagation velocity decreases with the
distance from the boundary of the layer, The second bound-
ary layer is assumed to be absolutely reflecting, Itis shown
that wave propagation in this layer is accompanied by an
additional weakening, which is caused by '"sucking away'' of
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the wave energy by a nonhomogeneous medium. The value
of the additional damping was determined, in relation to the
distance from the radiator, the wave length, the disposition

" depth of the receiver, and of the radiator, and the value
characterizing the variation in the velocity of sound according
to the depth in a nonhomogenecus medium.

Brook, G. B. and Sully, A, H.,
SOME OBSERVATIONS ON THE INTERNAL FRICTION OF
POLYCRYSTALLINE ALUMINUM DURING THE EARLY
STAGES OF CREEP, Acta Metallurgica, Vol. 3, No. 5,
September 1955, pp. 460-469.

Measurements at strzazin amplitudes less than 10~% made
at constant load of super- and commercial-purity aluminum
wires at room temperature, 250° and 350° C,

Brown, H., _
LOW-EXPANSION CAST JRON, Machine Design, Vol. 27,
June 1955, pp. 175-177.

Min-o-var, a 36-percent nickel alloy, has vibration
damping capacity due to graphite flake dispersion similar
to gray iron.

Brown University, Providence, Rhode Island,
INTERNAL FRICTION AND MODULUS CHANGES DUE TO
DISLOCATION DAMPING IN UNDEFORMED CRYSTALS--
PART II--COMPARISON OF THEORY WITH EXPERIMENT
by A, Granato and K. Lucke, January 1955, AD-626 37,
79 pp.

A theory, based on a model used by Koehler, is devel-
oped to a point where quantitative checks are possible, It
is found that the same model leads to both the kind of loss
found in the kilocycle region and that found in the megacycle
region, The predicted results of the theory are compared
insofar as is possible with available data in respect to the
dependence of the 1oss on the principal variables, and on
many of the parameters,
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26, Busemann, K.,
SHIFTED LOGARITHMIC SPIRALS FOR THE PLOTTING OF

TR

DAMPED VIBRATIONS AND THEIR DERIVATIONS FOR THE !""‘

CALCULATIONS OF BEAMS ON ELASTIC FOUNDATION
AND FOR THE CALCULATION OF CIRCULAR CYLINDRI-
CAL SHELLS WITH UNIFORMLY DISTRIBUTED SYMMET -
RICAL LOADS, Stahlbau, Vol. 24, April 1955, pp. 73-77
{In German).

A graphical method using logarithmic spirals r=rge %
was developed for the calculation of the internal forces of a
beam on an elastic foundation, Various cases of the loading
of the beam are discussed. The author considers the wall
of circular cylindrical shell to be composed of straight
beams resting on circular beams, By regarding the circular
beams as an elastic foundation for the straight ones, the
author applies his graphical method to calculate the internal
forces in a uniform symmetrically loaded cylindrical shell,

217. Cabarat, R.,

QUENCHING OF A LIGHT ALLOY WITH REFERENCE TO
ITS ELASTIC PROPERTIES, International Congress of
Aluminum (Paris), 1954, Vol. 1, 1955, pp. 271-273.

Alloys of the composition 7 to 8.5 percent zinc, 1,75
to 3 percent magnesium, 1 to 2 percent copper, 0.1to 0.6
percent manganese, 0.2 to 0.4 percent chromium and the
remainder aluminum were studied., A new dynamic (electro-
static) method was used to measure the modulus of elasticity
and the internal friction. The changes in internal friction,
modulus of elasticity, hardness, and conditions with time at
room temperature after quenching from 450°, are reported,
The internal friction curve shows a sharp maximum at about
two hours,

28, Chatterjee, G. P.,
VIBRATION DAMPING CAPACITY AND ANELASTICITY OF
METALS AND ALLOYS FROM ENERGY CONSIDERATION,
First Congress on Theories and Applied Mechanics, Proceed-
ings, November 1955, pp. 95-106.

Not abstracted.
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29.

30.

31,

32,

Cochardt, A, W.,

EFFECT OF STATIC STRESS ON THE DAMPING OF SOME
ENGINEERING ALILOYS, American Society for Metals
Transactions Quarterly, Vol. 47, 1985, pp. 440-450,

Wires of alloy type AISI 403 and Refractaloy 26 were
twisted, and decay of free torsion vibration was measured;
damping of the former was found to be considerably affected
by superimposed static stress; damping of Refractaloy 26
always increases with static stress,

Corbetta, G.,
CENTRIFUGAL PENDULUM DAMPER OF TORSIONAL
VIBRATIONS, Ingeguera, Vol. 29, No. 4, April 1955, pp. 351-
361,

Study of a system of two masses connected to each other
and to a fixed point by means of springs; characteristics of
a centrifugal pendulum; its application to shafts of ac internal
combustion motors; and results obtained for application of
dampers,

Cornell University, Office of Naval Research, U. S, Office of
Technical Services,
DYNAMIC PROPERTIES OF SOLIDS by T. R. Cuykendall and
H. S. Sack, November 1955, Report No, PB 121701, 115 pp.
(Final Report).

This report presents determinations of the elastic mod-
ulus and the internal friction of solids under alternating
stresses.

Crawford, A. R.,
VIBRATIONS ELIMINATED WITHOUT MAJOR DISASSEMBLY,
Machinery, Vol. 62, October 1955, pp. 199-201,

Out-of -balance of rotating parts can be detected by a
vibration analyzer, designed by the International Research
and Development Corporation, which makes unnecessary a
major disassembly of a machine or mechanism,

B



33. Damask, A, C. and Nowick, A. S.,
INTERNAL FRICTION PEAK ASSOCIATED WITH PRECIPI- o -
TATION IN AN Al-Ag ALLOY, Journal of Applied Physics,
Vol. 26, September 1955, pp. 1165-1172,

Specimen quenched from solid-solution region and aged

at 155° C shows peak at 140° C for vibration frequency of
0.25 cps.

34, Deutsche Versuchsanstalt Luftfahrt,
VIBRATION BEHAVIOR OF A BLADE RING IN VACUUM by
H. Sohngen, August 1955, E. V., Rept, 1, 24 pp. (In German).

The vibrations of blade rings on axial compressors and
turbines are investigated., It is assumed that the modes and
frequencies of free vibrations of a single blade are known
and further that the displacements of neighboring blades are
coupled through the ring, With these assumptions, 'n anal-
ysis is made of the natural, damped, and forced mcr.es and
frequencies of vibrations of the blade ring in a vacut n,
Examined are: 1) blades having the same frequency zund
2) blades having two alternate natural frequencies,

35. Doak, K. W,,
RUBBER-CARBON BLACK TREATMENT, United States
Rubber Company, United States Patent 2720499, applied
12 November 1952, accepted 11 October 1955,

The patent provides a chemical promoter, hexachloro-
cyclopentadiene, for the processing of rubber-carbon black
mixtures at high temperatures, as disclosed in U. S. P.
21118601 to produce stocks with low torsional hysteresis suit-
able for tire treads, Examples show the effectiveness of
this promoter in increasing specific electrical resistivity
and decreasing torsional hysteresis,

36, Doak, K. W.,

RUBBER TREATMENT, United States Rubber Company,
United States Patent 2715618, applied 16 December 1953,
accepted 16 August 1955,

The process described is that claimed in U. S. P. 2118601
for producing low hysteresis rubber, and is concerned with a
new chemical promoter for the process. Rubber, 100 parts,
is mixed with a relatively large proportion of carbon black
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and 0. 75 to 3 parts of lithium nitrate calculated as the anhy-
drous salt, The mixture is heated to a temperature of at
least 275° F. The process increases electrical resistivity
by a factor of 375 and lowers torsional hysteresis by 35 per-
cent,

Doak, K. W,,
RUBBER TREATMENT, TInited States Rubber Company,
United States Patent 2715650, applied 12 January 1954,
accepted 16 August 1955,

The process described in U, S. P. 2118601 for producing
a low hysteresis rubber is accelerated by incorporating 0.5
to 3 parts per 100 of rubber, natural or synthetic, of an alkali
or alkali earth metal nitrite, preferably sodium or potassium
nitrite, and heating the mixture to at least 275° F. This
increases electrical resistivity by a factor of 100, 000 and
lowers hysteresis at 280° F by 35 percent. A relatively
large amount of carbon black is added to the mix,

Eisele, F. and Lysen, H. W,,
THE EMPLOYMENT OF HIGH POLYMER MATERIALS FOR
DYNAMIC STIFFNESS IN MACHINE TOOLS, Forsch. -und-
Konstr. Wzm, (FoKoMa), Munchen, Vol, 2, 1955, pp. 82-93
(In German).

The application of high polymers to the surfaces of
machine parts to increase the total damping of the system is
described in this article., The principal property specification
for high polymers is high-loss coefficient over a broad tem-
perature range. The authors discuss how and where to add

 the damping material to get the greatest increase in total
damping. Several examples are given to illustrate the prin-
ciples,

Erith, L. and Slezinger, I.,
VIBRATION DAMPER WITH SHOCK ACTION, Vol. 7,
October 1955, pp. 371-376.

Not abstracted,
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Fast, J. D, and Verrijp, M. B.,

-

SOLUBILITY OF NITROGEN IN a -IRON, Iron and Steel
Institute, Journal (London), No. 180, 1955, pp. 337-343,

Iron was obtained in very pure state by high-frequency
melting and casting in vacuum, The internal friction of
fine-grained textureless alpha-iron wires caused by nitrogen
is proportional to the nitrogen content up to the solubility
at the eutectoid temperature, The solubility increased from
1.4 x 1075 at 20° to 4.5 x 107} percent by weight nitrogen at
900°. Exponential equations are given for the solubility in
equilibrium with Fe/‘N and N,. From two of these equations
the dissociation pressure of Feq is calculated.

Ferro, A. and Montalenti, G.,

ON THE ACTIVATION ENERGY OF INTERSTITIAL CARBON
AND NITROGEN IN IRON ALLOYS, (Sull'energia di attivazi-
one del carbonio ed azoto interstiziale nelle leghe di ferro. ),
Ricerca Scientifica, Vol. 25, No. 11, November 1955, pp.
3069-3081.

After measuring the diffusion of carbon contained in an
iron-silicon alloy by magnetic relaxation methods, a theo-
retical explanation is given of the higher heat of activation
shown by carbon and nitrogen atoms, diffusing in iron alloys
with respect to pure iron,

Friedel, J., Boulanger, C,, and Crussard, C.,

ELASTIC MODULUS AND INTERNAL FRICTION OF POLY-
GONIZED ALUMINUM, Acta Metgllur’gica. Vol. 3, No. 4,
July 1955, pp. 380-391,

This article presents an observation in polygonized
co..rse-grained aluminum at elevated temperature of a .
strong drop of Yeung's modulus while the internal friction
reaches high values,

Gebhardt, E. and Preisendanz, H.,

SOLUBILITY OF OXYGEN IN TANTALUM AND RELATED
CHANGES IN TANTALUM PROPERTIES, Zeitachrift fiir
Mgtallkunde, Vol, 46, No. 8, August 1955, pp. 560-568,

Development of a method at very high temperatures and
very low pressures to show the influence of oxygen on

49



darnping, modulus of elasticity, magnetic susceptibility,
hardness, tensile strength, elongation, necking, and chem-
ical behavior of tantalum,

44, General Electric Company,
RESONANT FATIGUE STRENGTH COMPARISONS CONSID -
ERING BOTH MATERIAL DAMPING AND STRESS DISTRI-
BUTION IN PARTS by B. J. Lazan and E. Podnieks,
October 1955, Report No. R55GL359,

Not abstracted.

45, General Electric Company,
THE DAMPING PROPERTIES OF MATERIALS AND THEIR
RELATIONSHIP TO RESONANT FATIGUE STRENGTH OF
PARTS by B. J. Lazan, 1l January 1955, Report No.
R55GLI129.

In this report, the damping properties of common
structural materials are discussed with a view towards
applying the information to the design of machine parts.

.Basic terms, which are used to express damping test
results, are defined and their uses compared. Various
methods and devices for measuring damping are evaluated,
The probable causes of stress amplitude and history, tem-
perature, frequency, rest periods, and mean stress are
discussed,

46, Hanstock, R. F.,
FATIGUE PHENOMENA IN HIGH STRENGTH ALUMINUM
ALLOYS, Institute of Metals, Journal, Vol, 83, 1954-1955,
ppo ll'lSo

The increase in damping capacity that precedes fatigue
failure of the alumirum alloys L65 and DTD 683 is associ-
uted with precipitate instability, The fatigue strength depends
on ‘he magnitude of the stress required to initiate precipita-
tion and on the strength of the over-precipitated regions.

An alloy that derives its high static strength from a con-
trolled state of precipitation that is unstable under cyclic
stressing will have a high ratio of static ultimate strength to
fatigue strength,
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' Hasiguti, R. R., Hirai, T., Kamoshita, G., and Igata, N,,
INTERNAL FRICTION CF COPPER DUE TO POINT INPER -
FECTIONS IN THE CRYSTAL LATTICE, Metal Physics,
Vol, 1, No, 3, 1955, pp. 111-112 (In Japanese).

Not abstracted.,
‘. Hirone, T. and Kamigaki, K.,
THE ATTENUATION OF ULTRASONIC WAVES IN METALS
I, -ALUMINUM, Science Report of the Tohoku University
(Research Institute), Series A, Vol. 7, No. 5, 1955, pp.155-
464.

Attenuation coefficient, C, of longitudinal ultrasonic
waves of frequencies 2 to 25 mc/sec were studied in alumi-
num by the impuise-reflection method, General features of
the change of C with frequency and grain size are reported,

Hirone, T., Kunitomi, N., axd Abe, M.,
THE MECHANISM OF INTERNAL FRICTION DUE TO THE
MOTION OF THE DISLOCATION, Physical Society of Japan,
Journal, Vol, 10, No. 11, November 1955, pp. 960-966.

For copper, "itermal friction increases with the initial
cold work and decreases after showing a maximum, Since
the behavior does not depend on the frequency used in the
experiment at room temperatures, internal friction due to
dislocations is concluded to originate from the static hyster-
esis propesed by Nowick,

Hueter, T, F. and Bolt, R, H., 7
SONICS,N. Y., John Wiley and Sons., Incorporated, 1955,
456 pp.

""Sonics'' encompasses the analysis, testing, and pro-
cessing of materials and products by the use of mechanical
vibratory energy. All applications are based on the same
physical principles, The unity of sonics is, therefore, the
keynote of this book. The common principles are presented
in general form and then applied in many special ways to the
design of sonic techniques for a particular medium or fre-
quency range. In the chapter on principles of sonic testing
and analysis, internal damping in metals is discussed.
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51, Illinois University, Urbana, Illinois,
INTERNAL FRICTION OF COPPER AND COPPER ALLOYS
by D. N. Beshers, November 1955, Technical Report No. 3,
NG ori 071, 54; University Microfilms, Ann Arbor, Michigan,
P. N. 16383, “

The logarithmic decrement and the Young's modulus of
single crystals of 99, 999 percent pure copper and copper
crystals containing known concentrations of gold were "neas-
ured as a function of the strain amplitude, of time, and as a
function of temperature,

52, Iwata, T.,
A STATISTICAI. THEORY OF ANISOTROPIC DISTRIBUTION
OF ATOM PAIRS IN BINARY ALLOYS, Japanese Institute
of Metals, Journal, Vol. 19, 1955, pp. 95-99.

A statistical theory of anisotropic distribution of atom
pairs responsible for the additional magnetic anisotropy in
field-cooled or cold-worked ferromagnetic solid solutions
as well as for the internal friction of the alpha-brass type
is developed in connection with the ordinary order-disorder
phenomenon,

53, Johnson, E, A.,
PROPER MOUNT DESIGN, SELECTION AID VIBRATION
CONTROL, Iron Age, Vol. 175, No. 8, 1955, pp. 86-87.

Not abstracted,

54, Kamel, R.,
RELAXATION OF THE PRECIPITATED COPPER ATOMS IN
THE BINARY ALLOY AuCu, Japanese Institute of Metals,
Journal, Vol. 84, 1955, pp. 55-56.

The relaxation of copper atoms precipitated from the
binary 50:50 atomic percent gold-copper manifests itself by
a continuous rise in the internal friction/temperature curve.
The dynamic Young's modulus for this alloy also shows ar.
increase in relative value near room temperature as the
specimen approaches a state of complete order.
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Kawamoto, M. and Nishioka, K.,

RESEARCH ON THE FrATIGUE UNDER CONSIDERATION OF
THE PHENOMENON OF ELASTIC HYSTERESIS, Kyoto Uni-
versity Memoirs of the Faculty of Engineering, Vol, 17,

No. 1, January 1955, pp. 1-29.

This study deals with the relation between stress and
strain of some metallic materials subjected to reversed
stress and examines the condition of the fatigue limit. Also
considered are the effect of shape of cross section of the
specimen on fatigue limit and the relation between the form
and notch factors,

K2, T. S., .

INTERNAL FRICTION PEAKS ASSOCIATED WITH THE
TEMPERING OF MARTENSITE IN STEELS, Scientia Sinica,
Vol., 4, 1955, pp. 19-31,

Internal friction in hardened carbon steels was measured
with a torsion pendulum. An internal friction peak was
observed around 130° C when measurements were taken from
rcom temperature upwards. This peak disappeared com-
pletely after the temperature of the specimen once reached
170° C. This phenomenon was observed in carbon steels con-
taining carbon ranging from 0,29 to 1, 4 percent, and also in
an alloy steel. The appearance of this internal friction peak
seems to indicate that the transfcrmation product, the car-
bide, formed in the first-stage tempering of martensite is
coherent with its parent phase, and the origin of internal
friction is the stress-induced movement of the plane of coher-
ence,

Ké, T. S., Tsien; C. T., and Mi¥ek, K.,

ON THE INTERNAL-FRICTION PEAK ASSOCIATED WITH
THE PRESENCE OF CARBON IN NICKEL, Scientia Sinica,
Vol. 4, No. 4, December 1955, pp. 519-526,

This article describes experiments which demonstrate
conclusively that this internal-friction peak is not connected
with ferromagnetism of nickel, but depends upon the amount
of carbon in solid solution in nickel. More accurate deter-
minations of the activation energy associated with this inter -
nal-friction peak show that this activation energy is indeed
very close to the activation energy for the diffusion of carbon
in nickel.
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58.
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60.

K&, T.S. and Wang, C. M.,
INTERNAL-FRICTION PEAKS ASSOCIATED WITH THE
STRESS-INDUCED DIFFUSION OF CARBON IN FACE-CEN-
TERED CUBIC ALLOY STEELS AND METALS, Scientia
Sinica, Vol, 4, MNo. 4, 1955, pp. 501-518.

Internal-friction peaks associated with the presence of
carbon in several types of face-centered cubic alloy steel
(18/8 type stainless steel and high mangancse steel) have
been observed between 200° and 300° C with a vibration
frequency of approximately 1 cps. A comparison of the
activation energy and the diffusion coefficient determined
by internal-friction methods with those measured in conven-
tional macrodiffusion experiments reveals that the observed
internal-friction peak is associated with the stress-induced
diffusion of carbon in these face-centered cubic steels.
Internal-friction peaks associated with the stress-induced
diffusion of carbcn have also been observed in a nickel-
aluminum :lloy and in pure nickel,

Ké, T. S., Yung, P, T., and Wang, Y. N,,
DIFFUSION AND PRECIPITATION CF CARBON AND NITRO-
GEN FROM SOLID SOLUTION IN IRON AND STEEL, Scientia
Sinica, Vol. 4, 1955, pp. 263-276.

Diffusion and precipitation phenomena associated with
embrittlement of iron and steel were studied by internal-
friction measurements with a torsion pendulum, The dif-
fusion of carbon or nitrogen in alpha-iron is not affected by
carbon concentration below 0, 017 percent or nitrogen con-
centration below 0, 03 percent, Alloying elements have no
effect on the diffusion of carbon, but retard the diffusion of
nitrogen in alpha-iron. The 250° internal-friction peak is
associated with strain aging or quench aging, and it occurs
under conditions corresponding to the appearance of blue
brittleness in steel. From data obtained during annealing
of quenched specimens, temper brittleness of steel 1s attrib-
uted to the precipitation of nitrides instead of carbides.

Khiichevsky, V. V.,
AN INVESTIGATION OF THE ENERGY DISSIPATIUN IN
TURBINE -BLADE STEEL AT HIGH TEMPERATURES, lzv,
Kievsk. Folitekhn. in-ta, Vol. 18, 1955, pp. 109-116.

The author investigates the decay decrement in turbine
blade steel, Zh 1, at different temperatures, A description
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is given of the experimental installation which enables oscil-
lograms to be recorded for the pure bending of a sample at
different temperatures, Curves are included showing the
relationship between logarithmic decrement and stress at
different temperatures from 20° to 600° C, and the depen-
dence of decrement on temperature under fixed (constant)
stress between 200 and 900 kg/cm?,

Kirby, P. L.,
THE MECHANICAL RELAXATION OF ALKALI IONS IN A
BOROSILICATE GLASS, Society of Glass Technology,
Journal, Vol. 39, 1955, pp. 3851-393.

The mechanical relaxation of the alkali ions in ''"Pyrex"
brand borosilicate glass can be differentiated from the relax-
ation of the network-forming ions, and the connection between
the former effect and the dielectric relaxation of the same
group of ions is described, Experimental measurements
are analyzed to show the distribution of relaxation periods
in the system,

Kittel, C.,
AN ELECTRON TRANSFER MECHANISM FOR ULTRASONIC
ATTENUATION IN METALS, Acta Metallurgica, Vol. 3,
No. 3, May 1955, pp. 295-297.

This article suggests that groups of electrons in the
superconducting state participate in the transfer process
without interaction with lattice phonons, provision for energy
conservation presumably being made by an internal energy
of the group.

Klotter, K.,
THE ATTENUATIONN OF DAMPED FREE VIBRATIONS AND
THE DERIVATION OF THE DAMPING LAW FROM RECORDED
DATA, Second U. S. National Congress of Applied Mechanics,
American Society of Mechanical Engineers, Proceedings,
1955, pp. 85-93,

An approximate method, known in nonlinear mechanics
as the ""Kryloff -Bogoliuboff Method, "' allows describing in
closed form the attenuation of free damped vibrations for a
large variety of damping laws, provided the damping forces
are sufficiently weak. From the expressions for the attenu-
ation, it is possible to derive rules for finding the damping
law from a set of observed data.
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Klotter, XK.,

FREE OSCILLATIONS OF SYSTEMS HAVING QUADRATIC
DAMPING AND ARBITRARY RESTORING FORCES, Journal
of Applied Mechanics, Vol, 22, No, 4, 1955, p. 493.

This article investigates systems subjected to quadratic
damping {orces (of various magnitudes) and to restoring
forces of any type, The differential equations of motion for
such systems can be transformed into linear differential
equations of first order fo: the velocity squared, whatever
the restoring forces may be. A first integral can be obtained
readily, From it the exa:t relationships between any two
consecutive maximum displacement (amplitudes) are derived.
These relationships are discussed in detail for various types
of restoring forces, Examples are worked out numerically
and illustrated by graphs.

Kneser, H., O,, Magun, J., and Ziegler, G.,

DAMPING OF RODS OF SINGLE CRYSTAL ICE, thsika—
lische Verhandlungen Deutsche, Vol. 6, No. 3, 1955, p. 45.

Not abstracted.

Kneser, H. O., Magun, S., and Ziegler, G.,

MECHANICAL RELAXATION OF SINGLE CRYSTALS OF
ICE, Naturwissenschaften, Vol. 42, No, 15, 1955, p. 437
(In German).

Single crystals nf ice one centimeter in diameter and
five centimeters long, with ¢ axis along the length of the
crystal, showed a maximum damping at a frequency which
varied with temperature according to an activation energy
of 0. 37 electron volts. '

Komada, T.,

INTERNAL FRICTION OF WHITE TIN SINGLE CRYSTAL,
Nature, Vol. 175, 1955, p. 948.

Data are presented showing the amplitude dependence
and the temperature dependence of the internal friction,
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Koster, W.,

DAMPING CAPACITY MEASUREMENTS IN IRON RESEARCH,
Ips‘éituto del Hierro y Acero, Vol. 8, 1955, pp. 520-540.

Damping capacity studies of iron alloys over the last i5
years have yielded some results with interesting possibili-
ties. Among others discussed are the measurement of the
relation between temperature and carbon and (or) nitrogen
solubility in the iron, In worked iron, the speed of precip-
itation of oxygen and nitrogen is greater than in nonworked
material,

Koster, W. and Bangert, L.,

DETERMINATION OF THE DISLOCATION DENSITY IN
DEFORMED IRON, Acta Metallurgica, Vol. 3, 1955, pp. 274-
276,

Damping-temperature curves were plotted in relation to
foreign atoms in solid solution and the degree of cold work,
A maximum damping value at 200° for a given degree of cold
work reached a limiting value caused by the saturation con-
centration and permitted the determination of the change of
the dislocation line density as a function of the degree of
deformaticn,

Koster, W,, Bangert, L., and Lang, W,.,

DAMPING AND MODULUS OF SHEAR ELASTICITY OF

COPPER, Zeitschrift fiir Metallkunde, Vol. 46, 1955, pp. 84-
89.

The temperature dependence of damping and of the mod-
ulus of elasticity of shear of deformed and recrystallized
copper were investigated as a function of grain size up to
400°. A damping maximum is related to grain-boundary
viscosity,

Kunz, F. W.,

THE SEGREGATION OF CARBON IN IRON SINGLE CRYS -
TALS AS STUDIED BY TORSION PENDULUM DAMPING,
Acta Metallurgica, Vol. 3, No. 2, March 1955, pp. 126-129.

This article presents a series of experimerts on the
effect of quenching and straining on the segregation of carbon
in single crystals of alpha-iron,
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Kvashnina, E. I. and Prosvirin, V. I,,
INTERNAL FRICTION OF TEMPER-(HOT)-BRITTLE STEEL,
Akademiya Nauk SSSR, Otdeleniye Tekhnicheskikh Nauk,

Izvestiya, No, 1, 1957, pp. 157-159,

This article contains measurements of internal friction
of type 35KHG steel in the ductile and temper brittle condi-
tions. Data were obtained for comparison on the effect of
prolonged heating at 500° C on VT Mo-steel, in which temper
brittleness does not exist, Internal friction of 35KHG steel
increases due to the ferrite becoming denuded of carbon,

Lagenberg, G. and Josefsson, A.,

INFLUENCE OF GRAIN BOUNDARIES ON THE BEHAVIOR
OF CARBON AND NITROGEN IN a -Iron, Acta Metallurgica,
Vol. 3, No. 3, May 1955, pp. 236-244.

Internal friction is related to diffusion, solubility, and
precipitation in solid solutions; grain size and boundary con-
centrations of carbon and nitrogen are studied.

Leak, D, A,, Thomas, W. R,, and Leak, G. M.,

DIFFUSION AND SOLUBILITY OF NITROGEN IN SILICON-
IRON, Acta Metallurgica, Vol. 3, No, 5, September 1955,
pp. 501-507.

Internal friction methods have been applied to a ternary
alloy of iron, silicon, and nitrogen. Two relaxation peaks
have been resolved, The peaks corresponding to jumps of
the interstitial nitrogen atoms are connected with sites either
1) identical with those in pure alpha-iron, or 2) in octahedra
containing one silicon atom along the tetrad axis.

Lee, E, H, and Bland, D. R.,

THE ANALYSIS OF DYNAMIC TESTS OF VISCOELASTIC
MATERIALS, Society of Plastics Engineers, Journal, Vol. 1,
No. 7, September 1955, pp. 28-35,

In this paper, methods of analysis of dynamic tests of
viscoelastic materials are examined., It is shown that it is
important to develop the analysis on the basis of a general
stress-strain relation, because the particular form of the
relation for the material under test is not known in advance,
and any arbitrary assumption about it may lead to contradic-
tions, Such a general method of analysis is discussed for a
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simple longitudinal stress test, and for the vibrating reed
test. References to the published literature indicate that
such contradictions appear in currently accepted analyses,
and their influence is detailed.

In seeking a viscoelastic model of springs and dashpots
to represent the behavior of the material, the method pre-
sented separates the analysis of the test results from the
determination of the appropriate model.

Levy, M. and Metzger, M.,

EFFECT OF HEAT TREATMENT ON THE INTERNAL
FRICTION OF ALUMINUM CRYSTALS, Philosophical
Magazine, Vol, 46, 1955, pp. 1021-1025.

The internal friction in quenched aluminum crystals at
strain amplitudes 107° to 10" ¢ is much lower than in similar
slowly cooled crystals, The results are in broad agreement
with estimates of the effects expected of vacancies being
trapped at dislocations.

Lewis, F. M.,

THE EXTENDED THEORY OF THE VISCOUS VIBRATION
DAMPER, Journal of Applied Mechanics, Vol. 22, Septem-
ber 1955, pp. 377-382,

This article extends the theory of the viscous vibration
damper, either tuned or untuned, to multimass systcms and
shows how an optimum damper can be designed for any
installation., Special formulas are derived for the two-mass-
plus damper systems.

Lindstrand, E.,

A METHOD FOR THE ME."SUREMENT OF ELASTIC RELAX-
ATION, AND ITS USE FOR DETERMINATION OF THE
SOLUBILITY OF CARBON IN ALPHA-IRON, Acta Metal-
lurgica, Vol. 3, No., 5, September 1955, pp. 431-435,

Spiral samples twisted through certain angle and
released are tested photographically for creep.

Lowe, R.,
SELECTING VIBRATION ISOLATORS, Product Engineering,
Vol. 26, September 1955, pp. 184-185,

This article discusses a five-point design procedure for
the general case of disturbing amplitudes in the vertical
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direction. Also, the article discusses 1l typical isolators
covering loads from ounces to tons and employing woven

wire, rubber in shear and compression, conical springs

with air damping, and combinations of wire mesh and springs.

Macinante, J. A.,
SURVEY ON VIBRATION AND SHOCK ISOLATION, Common-
wealth Scientific and Industrial Rzsearch Organization,

National Standards Laboratory, Melbourne, Australia,
1955, p. 42,

The second part is concerned with the isolation of vibra-
tion, Protective mounting of instruments and precision
machine tools is discussed,

Mackinnon, L.,

RELATIVE ABSORPTION OF 10 mc/sec LONGITUDINAL
SOUND WAVES IN A SUPERCONDUCTING POLYCRYS-
TALLINE TIN ROD, Physical Review, Vol, 100, No. 2,
15 October 1955, pp. 655-659,

The relative absorption of 10 mc/sec sound pulses has
been studied betwees 1,5° and 3. 73° K (the transition tem-~
perature) in superconducting polycrystalline tin and above
3.73° K to about 4.2° K in “he normal metal. Above the
transition, the absorption was heavy, but below it, the
absorption decreased considerably as the temperature was
lowered.

Makorova, V. 1.,

DETERMINATION OF THE MODULUS OF ELASTICITY
FOR TORSIONAL VIBRATIONS, Zavodskaya Laboratoriya,
Vol, 21, 1955, pp. 354-355 (In Russian),

The simple method described for the determination of
moduli of elasticity is based on the measurement of the num-
ber of torsional osciilations executed in a given time, Values
obtained for steel test tubes are given,

Mason, W. P,

ULTRASONIC ATTENUATION DUE TO LATTICE-ELECTRON
INTERACTION IN NORMAL CONDUCTING METALS, Physi-
cal Review, Vol, 97, No. 2, 16 January 1955, pp. 557-559.

The purpose of this article is to point out that a simple
phenomenological concept of the interaction between lattice




vibrations and the electron gas gives values of attenuations

which agree with the measured values (H., E, Bémmel,

Physical Review, Vol. 9, 1954, p. 220). The concept con- -
sidered is that a lattice vibration in the normal s*ate can

communicate energy to the electron gas by a viscous reac-

tion (transfer of momentum) and is damped by the viscosity

of the gas; whereas, the lattice in the superconducting state

is not capable of transferring momentum to the electron gas,

and the damping disappezars.

84. Mason, W. P.,
RELAXATIONS IN THE ATTENUATION OF SINGLE CRYS-
TAL LEAD AT LOW TEMPERATURES AND THEIR RELA-
TION TO DISLOCATION THECRY, Acoustical Society of
America, Joutrnal, Vol, 27, July 1955, pp. 643-653,

Measured results correlate well with a relaxation due
to the displacement of a dislocation from one atomic line to
an adjacent one against the limiting shearing stress of the
crystal,

85. Mason, W. P., DISLOCATION RELAXATIONS AT LOW TEM-
PERATURES AND THE DETERMINATION OF THE LIMITING
SHEARING STRESS OF A METAL, Physical Review, Vol, 98,
1955, pp. 1136-1138,

The values obtained agree with a displacement of a dis-
location from a minimum energy position in a close-packed
glide plane by one atomic spacing against the limiting shear-
ing stress of the crystal, '

86. Mason, W. P,,
EFFECT OF DISLOCATIONS ON ULTRASONIC WAVE
ATTENUATION IN METALS, Bell System Technical Journal,
Vol. 34, 1955, p. 903.

It is shown that the primary causes of energy dissipation
in a metal are dislocation loops pinned at irregular intervals
by impurity atoms. By measuring the position and height of
the relaxation peaks as a function of frequency and tempera-
ture, evidence is obtained for the value of the limiting shear-
ing stress, the number of dislocations per square centimeter,
and the average loop length,
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87, Mayer, G. and Gigon, J.,
ULTRASONIC MEASUREMENTS OF THE ELASTIC CON-
STANTS OF SOLIDS, Journal de Physique et le Radium,
Vol, 16, No. 8-9, August-September 1955, pp. 704-706.

A process for the emission of acoustical waves in gasses
provides a new methcd for measuring the Young and Poisson
moduli and the interna. friction of solids.

88, McCallion, H. and Davies, D. M.,
BEHAVIOR OF RUBBER IN COMFRESSION UNDER DYNAMIC
CONDITIONS, Institution of Mechanical Engineers, Proceed-
ings (London), Vol. 169, 1955, pp. 1125-1140,

Experimental data show the variation of stiffness, hys-
teresis energy absorbed per cycle, and resilience, with fre-
quency, amplitude of deformation, and temperature. The
data cover the following ranges: 1) frequency was 1,33 to
1200 cpm, 2) amplitude was 0-10 percent of the free length
of the test piece, and temperatures were from 125° to -60°.

89, Miki, H.,
CHANGE OF INTERNAL FRICTION DUE TO METAL
FATIGUE, Engineering Research Bulletin of the Kyoto
University, Vol. 17, 1955, pp. 1-29 (In Japanese).

The logarithmic decrement due to internal friction is
also influenced by the measurement frequency, and observa-
tions over a wide range of frequency are needed to assess the
internal state of a metal adequately, From rotating bending
fatigue tests on a 0.1 percent carbon steel wire rod, itis
concluded that the intercrystalline strain gradient induced
by repeated stress is more important than structural imper-
fections in producing fatigue failure.

90. Mi¥ek, K.,
MAGNETIC INTERNAL FRICTION PEAK IN NICKEL,
Czechoslovak Journal of Physics, Vol, 5, 1955, p. 420,

The damping behavior of nickel in an alternating mag-
netic field is described, The effect depends upon tempera -
ture, carbon content, frequency, and cold work,
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Morse, R. W,,
ULTRASONIC ATTENUATION IN METALS BY ELECTRON
RELAXATION, Physical Review, 1955, pp. 1716-1777.

o ——

B&mmel has reported a difference in the ultrasonic
attenuation between lead in the normal and superconducting
states. The magnitude and temperature dependence of the
attenuation in the normal state can be explained reasonably
in terms of an incomplete adjustment of the Fermi distri-
bution with respect to the elastic deformation. Such an
attenuation is to be expected in all metals at low tempera-
tures when the mean free path becomes relatively long.

National Advisory Committee for Aeronautics, Washington,

D. C.,
THEORETICAL INVESTIGATION OF FLUTTER OF TWO-
DIMENSIONAL FLAT PANELS WITH ONE SURFACE
EXPOSED TO SUPERSONIC POTENTIAL FLOW by H. C, )
Nelson and H. J. Cunningham, July 1955, Report No. TN 3465.

The authors have devised a Rayleigh flutter analysis
using Galerkin's pracess for a two-dimensional flat panel
held in various ways at its leading and trailing edges and
acted on by midplane forces, Using the normal modes of
the panel as degrees of freedom, and making use of linear-
ized unsteady aerodynamic forces, numerical results are
obtained. The effects of number of modes considered, Mach
number, density of the supersonic stream, density of the
still air below the panel, panel mass and stiffness, and
structural damping are examined to a certain extent,

Nohara, S.,
VISCOELASTIC PROPERTIES OF HIGH POLYMERS, VII,
HETEROGENEOUS SYSTEMS, Chemical High Polymers,
Japan, Vol, 12, 1955, pp., 527-534,

From an equation for viscoelastic behavior of the heter-
ogeneous systems. obtained previously by the same author,
E* and mechanical loss factor are derived for the mixtures
of two polymers and of polymer and filler,
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94. Nowick, A. S.,
THE INTERPRETATION OF LOW-TEMPERATURE RECOV -
ERY PHENOMENA IN COCLD-WORKED METALS, Acta
Metallurgica, Vol. 3, 1955, pp. 312-321.

From a survey of various low-temperature recovery
phenomena, it is concluded that both annealing out-of -point
defects and regrouping of dislocations occur in the very
early stages of annealing. Electrical resistivity seems to
be the most sensitive to point defects, while internal friction
and elastic modulus are affected most by the earliest stages
of the rearrangement of dislocations. Considerable disloca-
tion recovery takes place at room temperature in very short
times after deformation, even for very high melting point
metals,

95. Ochsenfeld, R.,
THE DAMPING OF IRON-NICKEL ALLOYS, Zeitschrift fiir
thsik, Vol. 143, No. 3, 1955, pp. 357-373,

This article reports measurements of logarithmic decre-
ment of iron-nickel strips with nickel contents between zero
and 60 percent; flexural oscillations, as dependent on the
frequency (200 to 1300 cps); strain amplitude; and applied
field strength,

96, Ochsenfeld, R.,
MAGNETO-ELASTIC PROPERTIES OF CERTAIN FERRO-
MAGNETIC IRON-NICKEL ALLOYS, Zeitschrift fiir Physik,
Vol. 143, No. 4, 1955, pp. 375-391,

The delta-E effect depends not only on magnetizing
conditions but on the magnetic reversal which is automati-
cally produced during the experiment,

97. Palme, R. and Scheiber, W.,
CONTRIBUTION TO MEASUREMENT OF ELASTIC MODU-
1.,US AND ATTENUATION OF SINTERED MATERIALS,
Planseeberichte flir Pulvermetallurgie, Vol, 3, No. 3,
December 1955, pp. 87-95,

This article presents an improved arrangement for E-
modulus determination of samples of alloyed and unalloyed
sinter iron,
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8. Pippard, A. B.,
ULTRASONIC ATTENUATION IN METALS, Philosophical
Magazine, Vol. 46, No, 331, 1955, pp. 1104-1114, T

The attenuation of ultrasonic waves by conduction elec-
trons is analyzed in terms of the free-electron model of a
metal, The drop in attenuation observed when a metal
becomes superconducting is shown to present quite serious
problems of interpretation, and tentative suggestions are
made as to possible explanations,

I, Pisarenko, G. S.,
THE OSCILLATIONS OF ELASTIC SYSTEMS IN THE
PRESENCE OF DISSIPATION OF ENERGY IN THE MATE-
RIAL, Kiev, Izd-vo. Akad, Nauk SSSR, 1955, 239 pp.

An analytical and experimental investigation is presented
of vibrations of nonconservative elastic systens in which the
source of energy dissipation is irreversible cyclic strain-
ing of the material, Modern methods of analysis of non-
linear vibrating systems are extended to treat problems of
the tlexural vibrations of long bars of constant and variable
cross section, short bars, and turbine blades, Torsional
vibrations of rods are also considered,

Pisarenko, G. S.,
FREE VIBRATIONS OF A LOAD ON A BEAM, WITH CON-
SIDERATION OF HYSTERESIS LOSSES, Izv, Kiyevsk,
politekhn, in-ta, Vol. 18, 1955, pp. 3-13.

The free-damped vibrations of a concentrated load on
the end of a weightless cantilever beam are investigated.
The nonelastic reaction forces are assumed to be independ-
ent of the deformation velocity,

Pitsch, W.,
THE SHAPE OF PARTICLES DURING PRECIPITATION OF
CARBIDE IN ALPHA-IRON, Acta Metallurgica, Vol. 3,
1955, pp. 542-548,

Internal friction znd electrical resistivity measurements
yielded a parameter solely dependent on particle shape.
From the data, the values of the deduced parameter indicate
that the precipitated particles are platelike, During precip-
itation, the ratio ""plate-diameter:plate-thickness' decreases.
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02. Powers, R, W.,
INTERNAL FRICTION IN SOLID SOLUTIONS OF OXYGEN-

. TANTALUM, Acta Metallurgica, Vol. 3, 1955, pp. 135-139.

The breadth of the Q! peak arising from the diffusion
of oxygen in tantalum has been found to increase monotoni-
’ cally with oxygen concentration. The data can be described
' by assuming that the Q™! peak is a compost of the dilute
oxygen peak at 137° C (for 0.6 cps), and a second peak
located near 162° C, Evidence is presented which indicates
that the peak previously attributed to carbon in tantalum
actively is caused by oxygen at cast concentration,

103, Rawlings, R. and Tambini, D.,
NITROGEN IN IRON ANELASTICITY AND SOLID SOLUBIL-

ITY, Acta Metallurgica, Vol, 3, 1955, pp. 212-213.

Data are presented which show the relation between the
height of the Snoek peak and the nitrogen content,

104, Richards, D, A.,
FORCED VIBRATION WITH DAMPING, American Journal

of Physics, Vol. 23, No. 9, December 1955, pp. 557-561.

AN

This article describes the experimental determination
of the response curves for forced vibration with velocity
damping, using a moving-coil galvanometer. Experimental
results obtained with the apparatus, both for response
curves and phase angle measurements, and for various
values of damping, are summarized in the paper.

105. itubber Laboratory, Mare Island Naval Shipyard, Vallejo,
California,
TRANSMISSIBILITY OF MECHANICAL VIBRATING THROUGH
NEOPRENE GRT AND NATURAL RUBBER MOUNTING
STOCKS, 27 June 1955, Technical Report 9-56, p. 12,

This report presents a description of an apparatus for
measuring the transmissibility of mechanical vibrations,
and contains information relative to damping characteristics
. of rubber mounts,
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106, Sacerdote, C, B.,
MEASUREMENTS UPON DAMPING MATERIALS, R. C. 55I

Ruin Assoc., Elettrotec, Ital., Bellagio, 1954, Vol. 42, ~
Fascicle 2, Paper 162, 1955, p. 8 (In Italian), "’“’

A brief description of the vibration technique used, and
a review of the work of other authors, are given., The para-
meters involved are defined, and their experimental behavior
and the results obtained are discussed in detail, using graphs
of the functions, Oscillographs and photographs of the higher
modes of vibration of square plates are included.

107, Sacerdote, G. G.,
AN ACOUSTICAL METHOD FOR THE MEASUREMENT OF
DISSIPATIVE PARAMETERS OF A TREATED VIBRATION
PLATE, ATA, February 1955, Vol. 6, No. 5, pp. 401-407,
(In Italian).

Not abstracted.

108, Salceanu, C.,
VARIATION OF VISCOSITY OF METALLIC WIRES WITH
TEMPERATURE, Comptes Rendus, Vol, 241, No. 20,
14 November 1955, pp. 1384-1386.

Study of the effect of temperature on the viscosity of
iron wire, working with a moment of inertia of 970 grams
per square centimeter. ‘

{09, Salceanu, C.,
THE VISCOSITY OF METALLIC WIRES (La Viscosity des
Fils Metalliques), Comptes Rendus, Vol. 241, No, 12, 19
September 1955, pp. 734-736,

This article describes an apparatus for measuring
based on the determination of the time necessary to reduce
half the initial amplitude of the oscillations of a torsion
pendulum, whose suspension wire is aluminum,

10. Salceanu, C,,
VISCOSITY AND INTERNAL FRICTION IN METALLIC
WIRES, Comptes Rendus, Vol. 241, No, 22, 28 November
1955, pp. 1554-1555,

Measurement determination in steel and aluminum
wires is discussed.

67



A

o . et =

— -

111,

112,

113,

114.

68

Samuel Feltman Ammunition Laboratories, Picatinny Arsenal,
Dover, New Jersey,

DEVELOPMENT OF VIBRATING TECHNIQUES FOR MEA-
SURING PROPERTIES OF POLYMERS, Ordnance Project
TB-2-001, 1955,

Not abstracted,

Schnittger, J. R.,

THE STRESS PROBLEM OF VIBRATING COMPRESSOR
BLADES, Journal of Applied Mechanics, Vol. 22, No, 1,
March 1955, pp. 57-64.

To demonstrate the genera’ nature of the actual vibra-
tions of compressor and turbine blades, the author under-
takes a simplified analysis in which a single stiff blade, with
one translational and one pitching mode, is studied, Itis
shown that all problems of stress in vibrating compressor
blades, whetii2r they arise from forced or self-sustained
vibration:, may be related to the magnitude of finite mech-
anical or aerocdynamic disturbances, The discussion is a
comparison of the order of magnitude of the damping in the
blade holder and the internal damping with the magnitude of
the damping of the aerodynamic reactions, The structural
damping for advanced designs appears to be of the order of
10 to 20 percent of the total damping.

Seemann, H. 7.,

DESCRIPTION OF A UNIVERSAL APPARATUS FOR ELAS-
TIC DAMPING OF METALS, APPLICATIONS TO ALUMI-
NUM, Revue de Mé€tallurgie, Vol. 52, No. 11, November
1955, pp. 864-868. :

Equipment to gage elastic damping capacity of metals
over a spread of frequency, temperature, and deformation
amplitude applied to 99. 997 percent aluminum,

Settles, J. C.,

APPLICATION OF DYNAMIC VIBRATION ABSORBER TO
VEHICLES, National Congress of Applied Mechanics, 2nd
Proceeding, Vol, 1954, 1955, pp. 111-119,

This paper deals with the use of dynamic vibration
absorbers for simultaneous control of forced linear and
rotational motions of vehicles or similar systems,



115, Shil'krut, D. I.,
ON THE RELATIONGSHIP BETWEEN THE LOGARITHMIC
DECREMENT OF DAMPING AND THE RELATIVE DAMP-
ING OF THE AMPLITUDE OF THE POTENTIAL ENERGY
(CYCLIC VISCOSITY), Doklady Akademii Nauk SSSR, Vol,
104, No. 2, 1955 (In Russian).

Not abstracted.

116. Smithells, C. J.,
METALS REFERENCE BOOK, Interscience Publishers,
Incorporated, Vols, I, II, 1955,

This set is a convenient and comprehensive summary of
a wide range of physical, mechanical, and electrical data
relating to metallurgy and metal physics. In this new edition,
values have been updated where more recent and reliable
information has becorne available. Several sections have been
added covering elastic properties and damping capacity, phys-
ical properties of molten salts, and friction, Presentation is
largely in tabular form, with brief monographs included where
information could not otherwise be adequately given. In Vol-
ume II, there is a chapter dealing with ""Elastic Properties
and Damping Capacity. "

117, Soroka, W. W.,
CLACULATING ROCKING RESPONSE OF VIBRATION -
ISOLATED EQUIPMENT, Product En&ineerins, Vol. 26,

December 1955, pp. 162-167.

When equipment subjected to dynamic loads is mounted
on flexible mounts, a rocking motion (combined rotation
and translation) results which is a function of the spring
constant of the mounts, An analysis of the dynamic response
of the equipment, therefore, helps determine: (1) the effec-
tiveness of the mounts, (2) the proper clearances around the
equipment, (3) the acceleration forces on equipment acces-

. sories, and (4) the forces transmitted into the foundation.

118, Stanley, J. T. and Wert,C. A.,
INTERNAL FRICTION OF INTERSTITIAL SOLID SOLUTIONS
OF OXYGEN AND NITROGEN'IN VANADIUM, Acta Metal-
lurgica, Vol, 3, No. 1, January 1955, pp. 107-108,

Thi s paper deals with the effects of carbon, nitrogen,
and oxygen on damping peaks in ductile vanadium.
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119, Stevens, S,,
SKIS, ANY WAY YOU WANT 'EM, Ski, Vol. 19, No, 5,
' February 1955, pp. 20, 26-27.

A research physicist reports the results of experiments
designed to measure the torsional rigidity and damping of
various types of skis, Laminated aluminum, wood, and

\ metal top-and-bottom with wood core types of construction
were tested. All wood skis have approximately the same
damping., Some laminated woods have abouf twice the damp-
ing of =olid woods. Laminated aluminum exhibits damping
not very different from wood, but gives greater damping than
many wood skis at larger amplitudes and smaller at the
lesser amplitudes, The ski with the metal top-and-bottom
enclosing a wood core has very little damping. The desir-
able damping requirements of a good ski are as yet unknown
and present a topic for future study.

120, Sugeno, T. and Kowaka, M.,

‘ THE BACKGROUND INTERNAL FRICTION IN PALLADIUM
CHARGED WITH HYDROGEN, Institute of Scientific and
Industrial Research, Osaka University Memoirs, Vol, 12,
1955, pp. 41-45.

The internal friction of 99, 8 percent pure palladium
wire of different grain sizes charged with hydrogen was
measured at room temperature. The internal friction
increased with increasing charging time, In the extreme
case, where the grain size was greater than the diameter
of the specimen, the internal friction did not change with
charging time, The value for the internal friction was great-
est immediately after charging and then decreased with time,
The origin of this background internal friction may be the
interaction between the grain boundaries or similar lattice
irregularities and the hydrogen atoms,

121, Tabor, D.,
THE MECHANISM OF ROLLING FRICTION-II, THE
ELASTIC RANGE, Royal Society Proceedings, Series A,
. Vol, 229, 1955, pp. 198-220.

This paper discusses the mechanism of rolling friction
under conditions where the deformations involved are pre-
dominantly elastic. Experiments on the rolling of a metal
cylinder over a rubber surface show that interfacial slip
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of the type described by Reynolds is minute and totally
insufficient quantitatively and that the rolling resistance
under these conditions is due to elastic hysteresis losses
in the rubber.

122. Tanaka, K., Abe, H,, and Hirano, K.,
THE MECHANISM OF AGING IN ALUMINUM-SILVER
ALLOYS, III, VARIATION OF THE YOUNG'S MODULUS,
Physical Society of Japan, Journal, Vol. 10, 1955, pp. 454-
458,

Variations of the Young's modulus and the internal
friction during the aging of the supersaturated solid solu-
tion of 20 percent by weight silver in aluminum were
examined on polycrystalline samples by the high-frequency
method at about 13 kc/sec, Both isothermal aging curves
and heating curves were obtained. Temperature variations
of the Young's modulus and the internal friction were also
measured on pure aluminurn and compared with those for
the silver-aluminum alloy,

123, Tanaka, K., Abe, H., and Hirano, K.,
YOUNG'S MODULUS OF AGE-HARDENED ALUMINUM
ALLOYS, Ochanonizu University Natural Science Report,
Vol, 5, 1955, pp. 213-227.

Variations of the Ycuny's modulus and of the internal
friction during the aging of 20 percent silver ~aluminum,
30 percent zinc-aluminum, and four comparisons of copper -
aluminum alloys were determined by a high-frequency method
at about 13 kc/sec. At room temperature some increase in
internal friction due to aging was noted for the zinc-aluminum
alloys, but not for the others.

124, Tanttila, W. H.,
INFLUENCE OF ULTRASONIC ENERGY ON RELAXATION
OF CHLORINE NUCLEI IN SODIUM CHI.ORATE, University
Microfilms Publication No., 14263, 1955, 47 pp; Dissertation
Abstracts, Vol, 15, 1955, p. 2554,

An investigation of the direct and indirect thermal
relaxation of C1* in a single crystal of NaClOs has been
made using pulsed techniques. The temperature dependence
of the indirect process has been measured and the experi-
mental results are compared with the theoretical results of
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Chang. The agreement is good. The direct process has

been studied by means of introducing into the crystal ultra-
sonic energy at a frequency equal to the transition frequency
between the two quadrupolar energy levels of the C135 nucleus.
The agreement between the theoretical dependence of the
direct process relaxation time and thc experimental relax-
ation time as a function of the energy density of the transition-
frequency lattice vibrations is poor,

Thomas, W. R. and Leak, G. M.,

THE BINDING ENERGY CF NITROGEN IN A DISLOCATION,
Physical Society, Proceedings, Vol. ¢8, No, 12-B, 1955,
pp. 1001-1007,

The solubility of nitrogen has been measured in annealed
and cold-worked alpha-iron by Q"!, N; in annealed iron
has a heat of solution 0.26 eleciron volt per nitrogen atom,
Bonding energy in dislocation is from 0. 75 to 0. 8 electron
volt per nitrogen atom.

Thomas, W. R. and Leak, G. M.,

THE STRAIN AGING OF ALPHA-IRON, Iron and Steel
Institute, Journal, Vol, 180, June 1955, pp. 155-161.

Rates of strain aging on specimens containing only
nitrogen and on those containing only carbon are determined
by both internal friction and yield-stress measurements,
Both methods give identical information about the mechanism,

Thomas, W. R, and Leak, G. M.,

CONDITION OF BORON IN ALPHA-IRON, Nature, Vol. 176,
1955, p. 29.

Snoek-type peaks in alpha-iron are interpreted as due
to boron in interstitial selid solutions. Estimates are made
of the difference coefficient and the activation energy for
diffusion,

Thompson, D, O,, Holmes, D, K,, and Blewett, T, H.,

NEUTRON IRRADIATION EFFECTS UPON YOUNG'S
MODULUS AND INTERNAL FRICTION OF COPPER,
Journal of Applied Physics, Vol. 26, No, 9, September
1955, p. 1188.

The modulus of copper crystals grown frocm the melt
increases by a few percent after neutron fluxes as low as
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10" nvt. The decrement, measured at 20 kc/sec, decreases
sharply on irradiation. The results suggest that the vacan-
cies or interstitials lock dislocations so they cannot decrease
the modulus or contribute to the damping by their motion,

Truell, R.,

ULTRASONIC ATTENUATION MEASUREMENTS FOR STUDY
OF THE ENGINEERING PROPERTIES OF MATERIALS,
Mechanical Engineering, Vol, 77, July 1955, pp. 585-587,

Brief details are given of the evaluation of ultrasonic
energy losses in solids by the measurement of attenuation
or propagation factor, The use of attenuation measurements
in specific researches into the properties of some engineer -
ing materials is described.

United States Bureau of Mines,

CASTING AND FABRICATION OF HIGH DAMPING
MANGANESE-COPPER ALLOYS by J. A. Rowland, C., E.
Armantrout, and D, F, Walsh, April 1955, Report of
Investigations No, 5127,

Manganese-copper alloys containing 60 percent or more
electrolytic manganese exhibit an unusual combination of
high vibration damping capacity with good strength properties.
However, serious difficulties encountered in commercial
fabrication of structural or machine components from these
alloys retarded attempts at their practical utilization. For
this reason the United States Bureau of Mines undertook a
program designed to develop practical methods for fabrica-
ting a selected group of high damping alloys. It is the pur-
pose of this report to summarize a part of that investigation
in a form that is suitable for use by the metallurgist inter-
ested in commercial fabrication of the alloys,

Vitovec, F. H. and Lazan, B, J.,

STRENGTH, DAMPING, AND ELASTICITY OF MATERIALS
UNDER INCREASING REVERSED STRESS WITH REFERENCE
TO ACCELERATED FATIGUE TESTING (U), American
Society for Testing Materials, Proceedings, Vol. 55, 1955,
pp. 844-865 (Unclassified).

The purpose of the work was to investigate the damping,
stress-strain, and failure properties under uniformly
increasing stress amplitude and to determine the relation of
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these properties to conventionally determined fatigue strength,
Data are presented on SAE 1020 steel, 2024-Tr aluminum
alloy, SAE 4340 steel, and RC-55 titanium under rotating-
bending stress amplitudes which are progressively increased
during the test and are held constant as in conventional fatigue
tests,

132, Voelz, K.,
TEEORY OF INTERNAL DAMPING OF VIBRATING SOLIDS,

Abhandlungen der Braunschweigischen, Vol. 6, 1955, pp. 126~
165 (In German).

Not abstracted,

133, Volger, J., Stevels, J. M., and Van Amerongen, C.,
DIELECTRIC LOSSES OF VARIOUS MONOCRYSTALS OF
QUARTZ AT VERY LOW TEMPERATURES, Philips
Research Report, Vol, 10, 1955, pp. 260-280. .

Between 14 percent and 150° K the tangential 6 versus T
curve of quartz measured at frequencies of 1 to 32 kc/sec,
may show a variety of maxima. The relaxation phenomena
involved are correlated with both primary and radiation-
induced lattice defects. Results of experiments with clear
quartz, artificially irradiated quartz, natural smoky quartz,
and amethyst are reported. A discussion related to the
nature of a number of lattice inperfections is given.,

134, von Kappeler, F.,
KAUTSCHUKVULKANISATE ALS DAMPFUNGSMATERIAL
IM MASCHINENBAU, Schweizer Archiv fliir Angewandte
Wissenschaft und Technik, Vol, 21, January 1955, pp. 8-19.

This article indicates successful use of rubber com-
pounds for damping purposes in mechanical engineering.

135, Wada, Y.,
VELOCITY OF ULTRASONIC WAVES IN HIGH POLYMERS,
I, II,, Oyo Butsuri, Vol. 24, 1955, pp. 159-163,

I, The variation of ultrasonic velocity with temperature
in polymethyl methacrylate and polystyrene was measured
between zero and 90° C by the total reflection method at
frequencies 1,46, 4,38, and 7.30 mc/sec,
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II. The velocity and absorption of ultrasonic waves
(1. 46 mc/sec) were measured for nylon-6, polyvinyl chloride,
celluloid, ebonite, polyethylene, phenol resin, and Bakelite e
at temperatures between 10° to 90° C.

Watanabe, M., Satoh, K., Minehisa, S.,
SOME EXPERIMENTS ON THE VIBRATION CHARACTER -
ISTICS OF WELDED JOINTS, Osaka University Technology
Report, Vol. 5, No, 154, 1955, pp. 177-184.

The effect of residual stress on the vibration character-
istics of welded joints was studied, using the so-called H-
type constrained welded specimens, Residual stress
decreased with increase in the number of vibrations to which
the welded samples were subjected, and the value of the
stress relieved increased with amplitude of vibration.

Watari, A.,
DRY FRICTION DAM.PER AND ITS CONDITION OF TUNING,
University of Tckyo Institute of Industrial Science Report,
Vol. 5, No. 2, Serial No. 36, August 1955, pp. 26-36.

The performances of the Lanchester damper with dry
friction are discussed in detail, and the ccndition of tuning
is analyzed and compared with that of the Lanchester damper
with viscous friction,

Weertman, J,,
INTERNAL FRICTION OF METAL SINGLE CRYSTALS,
Journal of Applied Physics, Vol, 26, February 1955, pp. 202-
210,

Semiquantitative calculations are presented for that
portion of the internal friction of annealed and moderately
cold-worked metal single crystals which is due to disloca-
tion motive,

Weertman, J. and Salkovitz, E. I,
THE INTERNAL FRICTION OF DILUTE ALLOYS OF LEAD,
Acta Metallurgica, Vol, 3, No, 1, Jahuary 1955, pp. 1-9.

This article presents effects of strain amplitude,
temperature and ratio of atom sizes on internal friction,
modulus of elasticity and critical shear stress in 0. 01 to
0.1 percent bismuth, tin, or cadmium alloys,
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Weinig, S.,

HIGH-VACUUM TORSIONAL PENDULUM FOR ANELASTIC
STUDIES, Review of Scientific Instruments, Vol. 26, 1955,
PP. 91-92.

This paper describes a high vacuum internal friction
apparatus by means of which a wire specimen may be studied
without manual manipulation of the sample or reduction of
vacuum in the system from a tirne prior to annealing until
completion of the test. Results are presented for tests on
two annealed high-purity copper-aluminum alloys with the
decrement being measured at 50° C. The frequency ratio
used was i /f2 = 2. 85. Within the experimental accuracy,
no variation in logarithmic decrement was found. A decrease
of internal friction with increased solute which was observed
in these tests is due to the pinning down of dislocations in
the metal,

Wert, C. A.,

INTERNAL FRICTION OF AN ALLOY OF 16 PERCENT
ALUMINUM IN IRON, Journal of Applied Physics, Vol. 26,
May 1955, pp. 640-641.

The results of measurements of the internal friction of
16 Alfenol" are presented. No damping peaks were observed
which couild be identified as being associated with interstitial
impurities. However, some interesting damping effects of
different origins were found. These are believed due to
sitress relaxation in the grain boundaries, to stress induced
ordering, and to an effect probably magnetic in origin, A
torsion pendulum was used for the measurements. A graph
of damping as a function of temperature is shown,

Wright Air Development Center, Wright Patterson Air Force
Base, Ohio,

EFFECT OF MATERIAL DAMPING AND STRESS DISTRI-
BUTION ON THE RESONANT FATIGUE STRENGTH OF
PARTS by E. R. Podnieks and B, J. Lazan, August 1955,
Report No, TN55-284,

The behavior of various types of parts under resonant
vibrations is reviewed considering material hysteresis as
the only form of damping present. Three different criteria
(total damping, resonance amplification factor, and resonant
exciting stress) are introduced for comparing materials and
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parts for resonant operation. The relationship of stress
distribution to the shape of the damping energy curves and
the resultant effect on the above criteria are discussed.

The influence of the cyclic stress history on resonant behav-
ior is also indicated. In comparative examples, the relative
merits of five different types of structural materials (type
403 alloy, RC-55 titanium annealed, RC-55 cold-worked,
RC-130B, and glass fabric laminate) based on the above
criteria are discussed in connection with application to
various types of parts. Resonant fatigue curves are intro-
duced and discussed for the same examples.
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1956

Aeronautical Research Institute of Sweden,

A METHOD FOR THE DETERMINATION OF THE DAMPING -~
IN-PITCH OF SEMI-SPAN MODELS IN HIGH-SPEED WIND
TUNNELS, AND SOME RESULTS FOR A TRIANGULAR WING
by K. Orlik-Ruckemann and C. O. Olsson, Report No. 62,
1956,

A method was developed for the determination of the
damping-in-pitch of semi-span models in high-speed wind-
tunnels using the free oscillation technique. The model was
mounted elastically by means of a torsion bar with cruciform
section. The initial oscillation amplitude was built up elec-
tromagnetically, after which the disconnection of the energy
source results in a free oscillation, which was automatically
evaluated on a special electronic apparatus, called the
"Dampometer, "

Anonymous,

CALCULATING DAMPING FACTORS FOR DASHPOT
DAMPERS, Product Engineering, April 1956, pp. 162-165,

This article presents equations for determining the
damping factors of linear and rotary dashpot dampers on
the basis of their dimensions and the viscosity of the damp-
ing fluid. With the equations developed, designs may be
synthesized on paper instead of using models requiring test
and modification,

Anonymous,

DOUBLE DAMPING CUTS VIBRATION HARM IN AIRCRAFT,
Industrial Laboratories, Vol, 7, June 1956, p. 114,

Research on vibration protection and equipment stabil-
ity in aircraft and missiles by the K. W, Johnson and Com-
pany, Incorporated, Dayton, Ohio, has resulted in Johnson
metal mounts, a double damping system where a circular
coil spring tempers motion of a convex-concave spring to
life efficiency of damping to a reported 95 percent,



146. Anonymous,
LOW OR HIGH FREQUENCY VIBRATIONS ABSORBED,
MOUNTING REDUCES NEED FOR CONCRETE FOUNDATION,
Engineering, Vol. 182, 13 July 1956, p. 46.

A description of the Cushyfoot antivibration mounting
introduced by Metalastik Limited, Evington Valley Road,
Leicester, England,

147, Anonymous,
REPORT ON TESTS WITH THE SPRAY MATERIAL
"SCHALLSCHLUCK" (OR "AQUAPLAS'" IN U. S. A.),
H. L. Blachford, Inc., News Service, Newark, New
Jersey, 20 July 1956.

The substance Aquaplas was sprayed on wheel discs
and bogie components of German Federal Railway carriages
for the damping of structure-borne sound. The material
was found to have good laboratory properties and to reduce
considerably the air-borne and structure-borne sound in
the carriages. Attenuation measurements were made to
determine the effectiveness of the substance as a high damp-
ing material.

148, Anonymous,
RUBBER-BALL MOUNTING, Machine Design, Vol, 28,
14 June 1956, p. 98.

The use of neoprene balls in mounting of oscillating
plate members minimizes the effects of vibration and
reduces operation noise of a portable electric sander devel-
oped by the Thor Power Tool Company.

149, Anonymous,
THE TAILOR GOES TO METALS, WESTINGHOUSE
SCIENTISTS PREDICT PROPERTIES OF NEW ALLOY:
THEN PROVE IT WORKS, Chemical and Engineering News,
Vol. 34, 16 July 1956, p. 3504.

Nivco, a ''super alloy,'' has the ability to kill the mechan-~
ical vibration which comes from control of the raagnetic
arrangement of atoms in the alloy,
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Anonymous,

THE USE OF SOUND-DEADENING COATINGS IN THE FIELD
OF NOISE CONTROL, News Service, H, L. Blachford,
Incorporated, Newark, New Jersey, 1956.

In this article, the engineering importance of sound-
deadening coating is emphasized. The available materials
for such coatings are reviewed, Based on decrement and
attenuation measurements, it is shown that Aquaplas is
superior to the others. A decay rate of up to 50 decibels
per second is possible,

Atomic Energy Commission,

SOME OBSERVATIONS ON THE RELATIONSHIP BETWEEN
FATIGUE AND INTERNAL FRICTION by S. R. Valluri,
1956. Report No. NACA-Tn-3755,

Results are presented of an investigation made to
determine the internal friction and fatigue strength of
commercially pure 1100 aluminum under repeated stress
in torsion at various temperatures and stress levels in an
effort to find if there exists any correlation between internal
friction and fatigue characteristics.

Atomic Energy Commission,

A STUDY OF INTERNAL FRICTION AND TWIN-BOUNDARY
MOVEMENT IN URANIUM by R. E. Maringer, L. L. Marsh,
and G. K. Manning, 30 January 1956, Contract No. W-7405-
eng-92, 34 pp.

The internal friction of recrystallized uranium was
shown to depend directly on heating and cooling rates and
on the rate of application or removal of an external stress
during measurement, At zero heating or stress rate, the
internal friction falls to a low value and appears to decrease
indefinitely at room temperature. It is concluded that the
various internal-friction phenomena are the result of the
stress-induced motion of twin boundaries,



153,

154,

155,

56.

Baccaredda, M., Bordoni, P. G., Butta, E., and Charlesby,

A,
ELASTIC AND ANELASTIC BEHAVIOR OF SOME IRRADI- "
ATED HIGH POLYMERS, Chemische Industrie, Vol, 38, '
1956, pp. 561-570.

The effect of radiation on polymers is to produce cross-
linking betweén molecules, degradation by random fracture
of the main chain and destruction of crystallinity., Changes
in mechanical properties were determined by a dynamic
method measuring Young's modulus and damping in poly-
styrene, polymethylmethacrylate, and polyethylene. Mini-
mum values in density and elastic modulus, and maximum
values in damping at room temperature, are observed for
a critical radiation dose,

Barducci, I.,

DIFFUSION COEFFICIENT OF N IN ALPHA-Fe, Nuovo
Cimento, Vol. 3, 1956, pp. 350-358 (In English).

Measurements on internal friction in solid solutions of
nitrogen in alpha-iron over the range 300 to 500° K confirm
values of Dy = 3 x 1073 square centimeters per second and
AH = 18,200 calories per mole reported by Wert, Differ-
ences between experimental and calculated values are
believed within experimental error,

Barducci, I. and Gence, P.,

EXPERIMENTAL DETERMINATION OF THE HEAT OF
ACTIVATION FOR DIFFUSION OF N IN a - Fe, Ricerca
Scientifica, 26, 1956, pp. 2080-2084,

A new measurement has been carried out by a dynamic
method utilizing the elastic relaxation phenomenon due to
diffusion. The value determined (18,200 calories per mole
%+ 300) is the same as that found by Wert and in good agree-
ment with the value obtained by H. Hendus and H. Rohrig.

Barducci, I. and Verdini, L.,

EXPERIMENTAL STUDY OF INTERNAL FRICTION AND
ELASTIC PARAMETERS IN Ag-Au ALLOYS, Nuovo Cimento,
Supplement to Vol. 4, Series X, No. 2, 1956, pp. 1042-1056.

A silver-gold alloy was chosen for study because of its
simple phase diagram and the complete compatibility of the
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two metals at all temperatures and in any proportions. The
article describes the preparation of specimens, the measur-
ing methods, and the results,

Bartenev, G. M., Reznikovskii, M, M., and Khromov, M. K.,

INVESTIGATION OF THE DYNAMIC PROPERTIES OF VUL-
CANIZED RUBBERS BY THE SPONTANEOUS CONTRACTION
METHOD, Kolloidnyi Zhurnal, Vol, 18, 1956, pp. 395-403.

A correlation has been established between the modulus
of internal friction and the vitrification temperature of
unfilled vulcanizates of natural and butadiene (SKB, SKN-18,
26, 40) rubbers, It was shown that the ratio of the internal
friction modulus of the rubber to the unequilibrated part of
its dyramic modulus depends little upon the test tempera-
ture, the type of polymer, the degree of vulcanization, or
the filler and the plasticizer contents,

Becker, G. W. and Oberst, H.,

ON THE DYNAMIC-ELASTIC BEHAVIOR OF LINEAR
CROSS-LINKED AND FILLED MATERIALS, Kolloid-
Zietschrift, Vol, 148, Nos, 1 and 2, 1956, pp. 6-16 (In
German).

The authors arrange plastics into linear, cross-linked
and filled classes. Loss coefficient, n, is given as a func -
tion of frequency for a number of materials,

Belov, K. P.,

THERMODYNAMIC THEORY OF MAGNETO-ELASTIC AND
MAGNETOSTRICTION PHENOMENA IN FERROMAGNETICS,
Akademii Nauk S, S. S. R., Fizika Metallov i Metallovedenie,
Vols, 2 and 4, 1956, pp. 47-53,

The alloys studied were: (30 percent nickel-70 percent
iron),( 32 percent nickel-68 percent iron), (33 percent
nickel-67 percent ironj, (36 percent nickel-64 percent iron),
all with Curie points at low temperatures where the magnetic
transformation is very sluggish, With Belov's thermody-
namic formula modified by the addition of a term containing
the elastic coefficient, it is possible to determine the effect
of elastic phenomena on spontaneous magnetization and
magnetostriction near the Curie-point,



Benbow, J. J.,
THE DETERMINATION OF DYNAMIC MODULI AND INTER -
NAL FRICTION OF HIGH POLYMERS FROM CREEP MEA-
SUREMENTS, Physical Society Proceedings, B, Vol. 69,
Part 9, September 1956, pp. 885-892,

An account is given of the use of Fourier analysis to
transform creep measurements to dynamic quantities with

specific reference to some measurements made on polythene,

The method is based on a technique described by Roesler,
but additional theory is given which eliminates the necessity
of determining the retardation spectrum explicitly, Using
the derived dynamic quantities as a standard, it is shown

that more approxirnate methods provide sufficiently accurate

transformations for many practical purposes if the retarda-
tion spectrum of the material is very flat,

Birger, I. A.,
NEKOTORYE MATEMATICHESKIYE METODY RESHENIYA
INZHENERNYKH ZADACH ('"'Some Mathematical Methods
for the Sclution of Engineering Problems''), Moscow,
Oborongiz, 1956 (In Russian).

Mathematical treatment of several important questions
in engineering leads to solving boundary-value problems for
ordinary differential equations. A. N. Krylov has pointed
to the role of normal fundamental functions for such signif-
icant technical cases as the action of concentrated loads and
moments where the desired solution or its derivatives must
have certain discontinuities. If the problem reduces to
differential equations with variable coefficients, then it is
often useful to apply the efficient methods of integral equa-
tions. The first two chapters of the book explain the theory
and use of normal functions in the case of ¢ inary differ-
ential equations, both with constant and variable coefficients.
The remaining two chapters are devoted to integral equations
and their applications in engineering. Author illustratecs
general methods of various problems of elasticity and theo-
retical mechanics (vibrations, stabil‘ity', etc, ).
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Birnbaum, H. and Levy, M.,

INTERNAL FRICTION OF ALUMINUM SINGLE CRYSTALS
AS A FUNCTION OF TEMPERATURE, Acta Metallurgica,

~Vol. 4, No. 1, 1956, pp. 84-88.

Deformation and rapid cooling to 77° K resulted in a
relaxation peak at about 100° K. Between 350° and 450° K
as-grown crystals exhibited discontinuous increases and
decreases of decrement with temperature. An exponential
dependence of decrement on temperature was observed from
450° to650° K,

Bishop, R. E. D.,

THE BEHAVIOR OF DAMPED LINEAR SYSTEMS IN STEADY
OSCILLATION, Aeronautical Quarterly, Vol. 7, No. 3,
May 1956, pp. 156-168.

The classical theory of small harmonic vibrations of a
linear damped system embodies the notion of "viscous damp-
ing." The equations of motion which result are somewhat
complicated and, when there are more than two degrees of
freedom, they are usually too unwieldy to be of much practi-
cal value. When the damping is small, however, approxi-
mating assumptions may be made which permit the treatment
of systems which are near resonance as if they possess but
one degree of freedom. Nevertheless, the effects of making
these assumptions are by no means easily assessed, and
even their justification is tedious. It is shown that these
difficulties may be greatly diminished by postulating hyster-
etic damping instead of viscous damping; the concept of
hysteretic damping has been dealt with in two previous
papers. The equations then take a much simpler form and
the justification for, and validity of, the foregoing approxi-
mations are more easily seen, Moreover, the effects of
damping upon the principal modes which the system possesses
in the absence of this damping may be elucidated in this way.

Bishop, R. E, D.,

THE GENERAL THEORY OF "HYSTERETIC DAMPING",
Aeronautical Quarterly, Vol, 7, No. 2, February 1956,
pp. 60-70,

This paper is the second of a series of three., The first .
dealt with the steady forced harmonic motion of a simple
oscillator with one degree of freedom when ""hysteretic damp-
ing" is present, The present paper is devoted to the




formulation of a general theory of small hysteretically
damped vibration in which the existence is postulated of
damping forces which act between pairs of points such that
they are in phase with the relative velocities and their mag-
nitudes are proportional to relative displacements. The
theory is presented in general terms, and use is made of
Lagrange's equation with a new type of ''dissipation function;" *
this is comparable with that of Rayleigh for viscous damping.

It is shown that this theory generally leads to simpler algebra

than does that of viscous damping. Moreover, it will be

thought of in terms of modes more simply than is the case

with the more familiar viscous damping.

Bdmmel, H. E,, Mason, W. P,, and Warner, A, W.,
DISLOCATIONS, RELAXATIONS, AND ANELASTICITY OF
CRYSTAL QUARTZ, Physical Review, Vol. 102, 1956,
pp. 64-71; Institute of Radio Engineers, Proceeding, Vol. 40,
1952, pp. 1030-1033,

With careful grinding and etching, contouring, and
mounting in a vacuum, very small internal friction coef-
ficients, Q ', are found in AT shear vibrating crystals,
The internal friction corresponds to that of the quartz
itself. The internal friction at room temperature increases
with frequency up to 100 mc/sec; this indicates the presence
of relaxations, The internal friction was measured at tem-
peratures to 1,5° K, Two relaxations were found, One is
connected with a distorted lattice due to impurities. One is
due to dislocation loops. A long-time aging effect is due to
closer pinning of dislocations &y impurity atoms, An
improved frequency standard, free from aging effects, can
be obtained by maintaining the crystal at liquid-helium
temperatures.

Boulanger, C, and Crussard, C.,

MECIIANICAL HYSTERESIS OF METALS AT HIGH TEM -
PERATURES, Métaux. Corrosion-Industries, Vol. 31,
May 1956, pp. 203-213,

The application of dislocation theories to explain the
properties of metals at elevated temperatures is discussed.
The measurement of the oscillation of metal samples under
torsion at temperatures up to 1600* C is described, and
results obtained are considered. Mechanical hysteresis and
internal friction are of great importance in determining the
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properties of metals at high temperatures. The creep of
metals is caused by movement of dislocations, and the dif-
fusion of dislocations is discussed,

167. Boulanger, C. and Crussard, C.,
STUDY OF MECHANICAL PROPERTIES AT VERY HIGH
TEMPERATURES, Revue de Métallurgie, Vol. 53, No, 9,
1956, pp. 715-728,

Measurements were made on aluminum, copper, and
iron, For iron, tests were made up to 1500° C. Data were
strongly affected by the phase transformation,

168. Bratina, W. J. and Winegard, W, C,,
INTERNAL FRICTION IN ZIRCONIUM, Journal of Metals,
Vol. 8; American Institute of Mining, Metallurgical and
Petroleum Engineers (AIME) Transactions, Vol. 206, 1956,
pp. 186-189,

Internal friction characteristics and temperature depen-
dence of the torsion modulus for iodide zirconium containing
2.4 percent hafnium were investigated by using a low-
frequency pendulum technique. The internal friction curve
consists of a background which increases as the temperature
increases, a maximum at 860° apparently due to the allo-
tropic transformation, a maximum due to grain boundary
relaxation with an associated heat of activation of 58, 000
calories/mole, and an anomaly below 350° which can be
associated with a precipitation phenomenon. Oxygen in small
amounts reduces the grain boundary maxirhum substantially.

169, Bungardt, K. and Preisendanz, H.,
DAMPING INVESTIGATIONS OF IRON-CHRONIUM ALLOYS,

Archiv fur das Eisenhuttenwesen, Vol. 27, November 1956,
ppc 715-7240

Damping measurements have been made in a vacuum
apparatus on iron-chromium alloys up to 45 percent chro-
mium, Three separate damping maxima were found at 220°,
600°, and 720° C. Nitrogen and carbon were found to have
a decisive effect on their formation,
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Busby, P. E., Hart, D. P., and Wells, C.,
DIFFUSION OF NITROGEN IN IRON, Journal of Metals,
Vol. 8; American Institute of Mining, Metallurgical and
Petroleum Engineers (AIME) Transactions, Vol, 206,
1956, pp. 686-687.

The diffusion of nitrogen in alpha-iron was studied by
means of the fractional saturation method. Resulting dif-
fusion coefficients are in excellent agreement with the values
obtained from internal friction experiments,

Cabarat, R.,
NEW DYNAMIC METHOD FOR MEASUREMENT OF THE
ELASTIC MODULUS AND THE CAPACITY FOCR DAMPING,
Acustica, No. 1, 1956, pp. 200-204 (In French).

A dynarnic method is described for the determination
of elastic modulus and damping. This method is effective
to a temperature of 800° C. Excitation is made electro-
statically., Nonconducting materials are given a conducting
surface, and the logarithmic decrement is calculated from
the resonance and decay curves. The sensitivity of the
method is shown from some examples of mneasurements,
The construction of an elasticity meter is given.

Chang, T. S, and Kesler, C, E.,
CORRELATION OF SONIC PROPERITES OF CONCRETE
WITH CREEP AND RELAXATION, American Society for
Testing Materials (ASTM) Proceedings, Vol. 56, 1956,
pp. 1257-1272,

This paper presents a method of relating the properties
of concrete that can be obtained from sonic testing to the
creep behavior in compression and flexure and relaxation
behavior in compression. Valid nonlinear mechanical
models are selected to represent concrete in creep and
relaxation, and their coefficients are statistically related
to the sonic properties, A simple procedure is also devel-
oped to relate the creep of one concrete beam to another
under different loading.

The results presented provide a means of predicting
creep and relaxation behavior of concrete from a relatively
simple sonic test,
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Chatterjee, G. P.,
VIBRATION DAMPING CHARACTERISTICS AND ANELASTIC
BEHAVIOR OF LOW CARBON STEEL, Second Congress of
Theoretical and Applied Mechanics, Proceedings, New Delhi,
India, Kharagpur, India, Indian Society of Theoretical and
Applied Mechanics, Indian Institute of Technology, 1956,
pp. 16-23.

This paper presents results of measurements of hys-
teresis in slow (100 psi per minute) tensile loading up to low
(100 psi) maximum stress and measurements of specific
damping capacity in torsion of 0,14 percent steel. Author
concludes there is measurable anelasticity even at low
stress levels and that damping capacity is extremely struc-
ture sensitive.

Cochardt, A. W.,

HIGH-DAMFING FERROMAGNETIC ALLOYS, Journal of
Metals, Vol. 8; American Institute of Mining, Metallurgical
and Petroleum Engineers (AIME) Transactions, Vol. 206,
1956, pp. 1295-1298.

Wires of 55 binary and ternary cobalt, iron nickel, and
chromium twisted, and the decay of the free torsion vibra-
tion was measured at torsion stresses between 500 and 8000
pounds per square inch, Especially high damping was
observed on the following alloys: Co0-28% Fe-7% Ni and Co-
20% Fe, and Co-35% Ni. This effect is explained in terms
of magnetomechanical hysteresis,

Cochardt, A. W.,

PREDESIGNED ALLOY LEADS TO NEW METALS CONCEPT,
Industrial Laboratories, August 1956, pp. 96-98.

Discussion of magnetomechanical damping and the

development of suitable alloys for high temperature turbine
applications,

Cook, R. K. and Wasilik, J. H.,

ANELASTICITY AND DIELECTRIC LOSS OF QUARTZ,
Journal of Applied Physics, Vol, 27, 1956, pp. 836-837,

Anelastic effects in quartz are ascribed to the motion
of metallic interstitial ions in the ''tunnels'' of the quartz
lattice.
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Cunningham, J. R. and Ivey, D. G.,
DYNAMIC PROPERTIES OF VARIOUS RUBBERS AT HIGH
FREQUENCIES, Journal of Applied Physics, Vol, 27, 1956,
pp. 967-974.

The shear wave velocity and attenuation of GR-S, Butyl,
Hevea, Hycar, and Paracril rubbers have been measured *
in the frequency range of 0.2 to 7 mc/sec and the tempera-
ture range of -60° to 20° .

Deeg, E.,
ELASTOPLASTIC BEHAVIOR OF HARD PORCELAIN,
INVESTIGATED IN THE MOIST STATE UP TO THE FIRED,
FINISHED PRODUCT, Silicates Industriels, Vol, 21, 1956,
pp. 265-270.

By uitrasonic measurements of Young's modulus, E,
the complex modulus and the internal viscosity (damping),
N ,in ceramic bodies either in the green state or fired at
variable temperatures, the structural changes are quali-
tatively determined., The piezocrystal controlled oscilla-

tioa device is discussed in its operation, the results are g
compared with those of standard metals (steel, lead, tung-
sten).

Deeg, E.,

INVESTIGATION OF THE ELASTIC-PLASTIC BEHAVIOR
OF A HARD PORCELAIN BODY FROM THE WET PLASTIC
TO THE FULLY FIRED STATE, Ber, deut. keram, Ges,,
Vol. 33, 1956, pp. 1-7.

The theory of the determination of modulus of elasticity
and of internal friction is described, and some details are
given of an apparatus for the sonic resonance method of
measurement at temperatures up to 750° C, The curves
relating the change of room temperature elasticity (generally
an increase) and internal friction (generally a decrease) with
increase of the temperature of pretreatment show marked
peaks, troughs, and inflections associated with the change in
moisture content, removal of the adsorbed moisture, decom-
position of the kaolinite lattice, quartz inversion, decompo-
sition of the metakaolin lattice, formation of y-Al20s or
mullite, secondary mullite formation, and the initial melting
of the feldspar,

i
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de Meij, S, and Van Amerongen, G. J.,

DYNAMIC-MECHANICAL CHARACTERISTICS OF RUBBER
COMPOUNDS, Kautschuk und Gummi, Vol. 9, 1956,
pp. WT56-62,

An electrodynamic forced vibration apparatus is
described for measuring dynamic properties in both shear
and compression, The frequency range is 5 to 200 cps and
the temperature range, -40° to 100°, The temperature,
frequency, and amplitude dependence of the dynamic prop-
erties were studied for a variety of compounds. The maxi-
mum in the loss factor near the second-order transition
point occurred at a lower temperature for natural rubber
than for cold rubber, Vulcollan, and Butyl rubber. A com-
pound containing a styrene-butadiene resin showed two
maxima, one at 80°, This did not occur for aniline resin
reinforcement, The dynamic properties of Butyl rubber
containing 50 parts EPC black and prepared with and without
heat-treatment were compared. SAF and EPC blacks in
natural rubber gave higher dynamic moduli at low ampli-
tudes than did HAF black, Reinforcement with Aerosil and
with aniline resin showed low values for the loss factors.
Thiuram vulcanizates had high losses,

Dieckamp, H. and Sosin, A.,

EFFECT OF ELECTRON IRRADIATION ON YOUNG'S
MODULUS, Journal of Applied Pi:ysics, Vol, 27, 1956,
pp. 1416-1418,

Young's modulus and internal friction measurements
are reported on high-purity copper following electron bom-
bardment. The modulus is observed to rise rapidly with
electron flux, reaching an early saturation followed by a
slow decrease. The rapid saturation is attributed to dis-
location pinning. The rate of saturation is temperature
dependent in the range from -195° to about zero; this sug-
gests defect migration at low temperatures, The slow
decrease is attributed to a ''bulk effect' owing to interstitial-
vacancy pairs,
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2. Ecker, R.,
SECONDARY TRANSITION REGIONS WITH COPOLYMERS,
POLYMER MIXTURES, AND GRAFT POLYMERS, Kautschuk
und Gummi, Vol. 9, 1956, pp. WT153-159,

For any type of polymer and deformation, the curves of
stiffness and of damping versus temperature have charac-
teristic shapes through the transition region from normal
elastic to high elastic and plastic behavior,

3, Eirich, F. R., (Editor),
RHEOLOGY. THEORY AND APPLICATIONS, New York,
New York, Academic Press, 1956, 761 pp.

Topics covered include various phases of the deforma-
tion of solids, flow under high pressures, mechanism of
liquid flow, large elastic deformations, viscoelasticity,
melt flow, rheology of disperse systems, and acoustic
responses of liquids.

4. Etkin, L. G.,
A METHOD OF DETERMINING THF DISSIPATION OF
VIBRATIONAL ENERGY BY THE JOINTS AND PARTS OF
MACHINERY, Zavodskaya Laboratoriya, Vol. 22, 1956,
pp. 1450-1482 (In Russian),

This paper describes a method to determine the damping
of a flanged steel tube under torsional stress. In the experi-
ments, torsional moments, vibrational amplitude, and the
phase shift between the moments are measured. Damping
is expressed in terms of quality factor, Q.

>, Fast, J, D.,
THE EFFECT OF IMPURITIES ON THE PROPERTIES OF
PURE IRON, Stahl und Eisen, Vol, 73, 1956, pp. 1484-1496;
Metallurgia, September 1956, pp. 123-127.

In an attempt to assess the effect of small amounts of
impurities on the properties of iron and steel, an investiga-
tion has been made using very high purity iron, with and
without the addition of krown amounts of various impurities,

particularly carbon aW

Vd
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189,
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Fast, J. D.,
MOLECULAR INTERPRETATION OF RELAXATION
PHENOMENA, Chemisch Weekblad, Vol. 52, 1956, pp. 445-
460,

The general theory of relaxation phenomena is reviewed.
The Snoek effect in alpha-iron dielectric relaxation, para-
magnetic relaxation, and internal friction of metals are
discussed in more detail.

Federhofer, K.,
INFLUENCE OF INTERNAL DAMPING AND OF EXTERIOR
FLUID FRICTION ON THE PLANE BENDING VIBRATION
OF A CIRCULAR RING, Ost, Ing.-Arch,, Vol. 10, 1956,
PP. 344-349 (In German).

This paper extends the results of the author's earlier
work on circular rings by taking account of internal and
external friction, It is shown that with internal viscous
friction, the coefficient of damping increases with increas-
ing mode number,

Federighi, T. and Gatto, F.,

ELASTIC-MODULUS AND INTERNAL-FRICTION MEASURE -
MENTS AS METHODS FOR INVESTIGATION OF THE KINET -
ICS OF THE RECRYSTALLIZATION OF ALUMINUM,
Alluminio, Nuova Metallurgia, Vol. 25, 1956, pp. 279-285.

The isothermal recrystallization process of aluminum
was examined by the dynamically measured elastic modulus
and the internal friction, The conditions and limits of use
of these methods are specified,

Federighi, T.,

INTERNAL FRICTION: A NEW PHYSICAL QUANTITY FOR
THE STUDY OF METALS, Alluminio, Nuova Metallurgia,
Vol, 25, No. 5, May 1956, pp. 225-230.

Essential characteristics of internal friction are
illustrated with an explanation of the physical significance
as well as the methods of measurement,
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191,

92.
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Ferro, A. and Montalenti, G.,

MECHANICAL AND MAGNETIC RELAXATION OF ALPHA-
IRON, Metallurgia Italiana, Vol. 48, 1956, pp. 124-128,

The heat of activation and relaxation time of carbon
in solid solution were measured on iron specimens. The
data agree with those of the literature for pure iron., Neither
Q nor Ty, depend on free carbon content or magnetic field
applied. For small carbon content, magnetic relaxation
appears to be proportional to carbon content,

Fukutomi, T.,

THE INTERNAL FRICTION AND THE GRAIN SIZE OF
TUNGSTEN FILAMENTS, Oyo Butsuri, Vol. 25, 1956,
pp. 381-384,

The internal friction of tungsten filaments is measured
between the room temperature and 2900° XK with an apparatus
which is illustrated, Below 1000° K, all values of friction
nearly coincide with each other to a very small value.
Above 1000° K, it is structure-sensitive, The value for a
filament composed of both long and small grains falls in
between. Grain growth by heat treatments decreases 1/Q.
The internal friction of the filaments at high temperature
mainly originates in the movement of grain boundaries and
is sensitive to the area of the boundaries or the size of
grains,

Galaka, P, I,,

EXPERIMENTAL INVESTIGATION OF AN IMPULSE
VIBRATION DAMPER WHEN FREE VIBRATIONS ARE
OPERATING, Dopovidi Akademiya Nauk SSSR, No, 3,
1956, pp. 238-240 (In Russian).

It is shown that the action of the vibration extinguisher
emerges as a clear-cut damping of vibrations, during which
the damping increases with an increase in the masses of
the intercolliding bodies and the clearance between them,

Gates, G. H. and Larson, W. M.,

POLYURETHANE RUBBER AS A MATERIAL OF CON-
STRUCTION, Mechanical Engineering, Vol. 78, 1956,
pp. 1016-1018,

Quantitative data are given in charts and tables for
hardness, stress capacity, hysteresis, abrasion, resilience,
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and damping properties of polyurethane and natural and
other synthetic rubbers., Polyurethane has a much higher
stress capacity than natural rubber and a high hysteresis
loss. Applications considered include industrial solid tires,
high-pressure pump valve inserts, motor mounts, sponges,
and foam,

194, Gebhardt, E. and Preisendanz, H.,
THE SOLUBILITY OF OXYGEN IN TANTALUM AND ITS
EFFECT ON THE PROPERTIES, Plansee Proc., 1956,
pPp. 254-267.

The equilibrium between tantalum and O; is not revers-
ible. Below 1500°, pressure decrease does not lead to a
liberation of O;. A temperature increase to above 2300°
and a simultaneous pressure decrease to below 107% milli-
meters are required for the complete elimination of dis-
solved oxygen, The existence of a true solution is proved
by damping measurements. The damping versus temperature
curves show for oxygen-containing specimens a pronounced
maximum at 170°, the height of th: maximum increasing
with the oxygen content.

195, George, F. W.,
ELECTROMECHANICAL FILTERS FOR 100 KC/S CARRIER
AND SIDEBAND SELECTION, Institute of Radio Engineers,
Proceedings, Vol, 44, January 1956, pp. 14-18.

Spurious modes of vibration are reduced by a balanced
arrangement of the transducers and by mechanical damping
in the end supports,

196, Goldman, D. E. and Hueter, T. F.,
TABULAR DATA OF THE VELOCITY AND ABSORPTION
OF HIGH FREQUENCY SOUND IN MAMMALIAN TISSUES,
Acoustical Society of America, Journal, Vol, 28, No. 1,
January 1956, pp. 35-37.

This report is a condensed presentation of currently
available data.
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197. Gontkevich, V. S.,
THE INFLUENCE OF CERTAIN FACTORS ON THE DAMP-
ING PROPERTIES OF THE PRINCIPAL MATERIALS USED
IN TURBINE CONSTRUCTION IN THE PRESENCE OF BEND -
ING VIBRATIONS, Sb Trudi Labor. Gidravl. Mashin,
Akademiya Nauk, SSSR, No. 6, 1956, pp. 192-202(In Russian),

This paper discusses the problem of the influence of
heat treatment, work hardening (in plastic bending) and
increasing the temperature to 600° C on the dissipation
of energy in the principal steel grades used in turbine
construction, Data obtained by the author are presented
on the change in the relative dynamic modulus of elasticity
with temperature for these materials.

98. Gontkevich, V., S. and Butkovskii, V, V.,
DETERMINATION OF THE LOSS OF ENERGY DUE TO
INTERNAL FRICTION IN THE METAL DURING DEFLEC-
TION VIBRATIONS, Sb. Trudi Labor. Problem Bystrokhod,
Mashin i Mekhanizmov Akademiya Nauk SSSR, No. 5, 1956,
pp. 169-178 (In Russian).

Some results are given of the experimental determina-
tion of the energy dissipated by ten different steels during
decaying vibrations. Use was made of tuning fork samples
with resistance gages glued to the foot of the tuning fork to
obtain amplitude of vibrations,

9. Goodman, L. E. and Klumpp, J. H.,
fNALYSIS OF SLIP DAMPING WITH REFERENCE TO
TURBINE-BLADE VIBRATION, Journal of Applied Mechan-
ics, Vol. 23, 1956, pp. 421-429 (Wright Air Development
Center, Wright-Patterson AirForce Base, Ohio, 1955,
Report No. TN 55-232).

Energy of vibration may be dissipated by microscopic
slip on interfaces where machine elements are joined in a
press fit. In this paper, slip ‘amping is studied as an
agent in reducing turbine-blade resonant stresses and pro-
longing turbine life, A general theory of slip damping is
developed, and an expression for the energy loss per cycle
of oscillation is found.
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200. Gordon, R. B. and Nowick, A.S.,

THE PINNING OF DISLOCATIONS BY X-IRRADIATION OF
ALKALI HALIDE CRYSTALS, Acta Metallurgica, Vol. 4,
September 1956, p. 514.

A study was made of the effect of X-irradiation on the
room temperature elastic modulus of sodium chloride crys-
tals. A theory is developed which assumes that vacancies,
released within the volume of the crystal through the action
of the radiation, migrate to dislocations and contribute to
the formation of pinning points. The theory makes possible '
a calculation of the density of dislocations and the mean
length of the free dislocation loops prior to irradiation,

201, Granato, A. and Liicke, K.,

THEORY OF MECHANICAL DAMPING DUE TO DPISLOCA-
TIONS, Journal of Applied Physics, Vol, 27, No., 6, June
1956, pp. 583-593,

This article develops a quantitative theory of damping
and modulus changes due to dislocations, It is found that
the model used by Koehler of a pinned dislocation loop oscil-
lating under the influence of an applied stress leads to two
kinds of loss, only one of which is dependent on frequency,
The frequency dependent loss has its maximum in the high
megacycle range., The second type of loss is a hysteresis
loss independent of frequency over a wide frequency range
including the kilocycle range. This loss has a strain-
amplitude dependence of the type observed in the kilocycle
range, The theory provides a quantitative interpretation of
the loss,

202. Granato, A, and Liicke, K.,
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APPLICATION OF DISLOCATION THEORY TO INTERNAL
FRICTION PHENOMENA AT HIGH FREQUENCIES, Journal
of Applied Physics, Vol. 27, July 1956, pp. 789-805.

This article presents a detailed discussion of data
obtained over the past 15 years concerning the damping of
mechanical vibrations in the kilocycle and megacycle range.
The dependence of the decrement and modulus change on
the variables of frequency and strain-amplitude and many
other parameters are compared with the predictions of an
earlier dislocation theory,




Granato, A. and Truell, R.,,
FREQUENCY DEPENDENCE OF ULTRASONIC ATTENUA-

TIONS IN GERMANIUM, Journal of Applied Physics, Vol. 27,
October 1956, pp. 1219-1266.

Measurements of the attenuation of compressional
waves traveling in the [ 100 ] direction in germanium, taken
in the frequency range 5 to 300 megacycles, are reported,

The attenuation is attributed to the damped forced oscillation
of dislocation segments.

Grin, A. V. and Pavlov, V. A,,
INTERNAL FRICTION IN DEFORMED ALLOYS OF ALPHA
SOLID SOLUTION OF ALUMINUM WITH MAGNESIUM,
Akademii Nauk, SSSR, Fizika Metallov i Metallovedenie,
Vol. 3, 1956, pp. 179-180.

Wires of 0.0l to 1, 0 magnesium alloy were tested for
their damping characteristics at 20° to 500°, Pure aluminum
has one maximum for internal friction, but 0, 05 percent
magnesium alloy has two of them, the second being connected
with magnesium diffusion in the deformed alloy and absent
in it after annealing.

Grobner, W.,

CONSIDERATION OF FRICTION IN VIBRATION PROBLEMS,
Ost. Ing. -Arch,, Vol. 10, 1956, pp. 171-175 (In German),

The author presents an energy method which uses a
variational principle. A theory is developed using expres=~
sions for kinetic and potential energy and applying Hamilton's
principle and LaGrange's function, The frictional effects
are treated in the variational integral as a constant multi-
plied by a velocity to the nth power, where n is a real number,.
While this method is not limited to linear damping, it is

applied to vibrating springs and vibrating membranes, with
n = 1 for both cases,

Grubin, C.,
ON THE THEORY OF THE ACCELERATION DAMPER,

Journal of Applied Mechanics, Vol, 23, No. 3, September
1956, pp. 373-378.

The acceleration damper reduces the vibration of a
mechanical system through momentum transfer b, collision
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and conversion of mechanical energy into heat. A typical
unit consists of a mass particle moving in a container fixed
to the primary vibrating system. The direct problem is to
determine the motion of a single-degree-of-freedom system
with a damper, when the driving force is a simple harmonic.
The inverse is to determine the characteristics of a damper
for reducing the vibration of the same system to a prescribed
value, Numerical results indicate that the damper is most
effective at resonance.

207, Guillet, L and Hocheid, B.,
STUDY OF THE DIFFUSION OF CARBON AND NITROGEN
IN ALPHA-IRON BY MEASUREMENT OF THE INTERNAL
FRICTION, Revue de Métallurgie, Vol. 53, 1956, pp. 122-
130.

Internal friction measurements at various vibration
frequencies independent of the temperature are used for the
determination of the heat of activation during the diffusion
of carbon and nitrogen in alpha-iron, The heat'of activa-
tion for carbon and nitrogen were found to be 20,100 calories
per mole and 18,600 calories per mole, respectively.

208. Gur'ev, A. V.,
ORIGIN OF ELASTIC IMPERFECTIONS IN A POLYCRYS-
TALLINE ALLOY, Akademii Nauk SSSR, Fizika Metallov
i Metallovedenie, Vol, 3, 1956, pp. 349-359,

By using a new tensometer, accurate to 0.1p ( as
described), elastic elongation and transverse contraction of
several carbon steels and of modified iron were determined
and curves of elastic hysteresis plotted. Loops of elastic
hysteresis can be measured both by the axial and transverse
deformations, though in the first case their widths are
twice as large. Because this value corresponds to the
coefficient of transverse plastic deformation without any
volume change, this may serve as a proof that the reason
for the formation of closed hysteresis loops lies in the
occurrence of local plastic slips along the portion cf speci-
men cross section (microvolumes).
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Hamme, R, N,,
HOW TO USE ACOUSTICAL MATERIALS, Machine Design,
Vol, 28, 26 July 1956, pp. 68-74.

A review of the engineering factors involved in select-
ing materials for the four important methods of noise con-
trol: sound-transmission attenuation, sound absorption,
vibration isolation, and vibration damping.

Hanson, M., P.,
A VIBRATION DAMPER FOR AXIAL-FLOW COMPRESSOR
BLADING, Society for Experimental Stress Analysis,
Proceedings, Vol. 14, No. 1, 1956, pp. 155-162,

This paper presents a method of vibration suppression
in axial-flow compressor bla ling and involving centrifugally
loaded pins that contact the blade and rotor. During vibra-
tion, the relative motions between the contacting surfaces
introduce frictional forces and thereby establish damping
in the blaCe system. The desired high damping is obtained
by a suitable selection of pin material, mechanical fit, and
blade proportions. The results of the investigation indicate
that with the use of a pin damper, the vibratory stress of
the test blade was reduced by a factor of ten, The damper
remained effective after a total of 100 hours of operation
regardless of severe frictional wear of the pin, Variation
of the centrifugal loading had only a small effect on the
resulting high damping.

Jasiguti, R. R., Kamoshita, G., and Igata, N.,

INTERNAL FRICTION OF POLYCRYSTALLINE IRON DUE
TO POINT DEFECTS, Metal Physics, Vol, 2, 1956, pp. 163-
164,

Not abstracted,

fatfield, P.,
ULTRASONIC MEASUREMENTS IN HIGH POLYMERS,
Research, Vol. 9, 1956, pp. 388-395,

The pulse, optical diffraction, and continuous wave
methods for measuring the velocity and absorption of longi-
tudinal and transverse ultrasonic waves in high polymers
are described., The experimental results for natural and
synthetic rubbers, polyethylene, and polyvinyl chloride are
discussed,
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213.  Hatfield, P.,
ULTRASONIC MEASUREMENTS ON HIGH POLYMERS,
Journal of Applied Physics, Vol. 27, No. 2, February 1956,
pp. 192-193,

The velocity and absorption of longitudinal waves in
high polymers were measured over the temperature range
-10° to 60° C and over the frequency range 50 to 1000 kc/sec,
using a continuous-wave method, The amplitude of the
absorption peaks showed an approximate linear increase
with frequency.

214, Heijboer, 7J.,
MOLECULAR SIGNIFICANCE OF SECONDARY DAMPING
MAXIMA, Kolloid-Zeitschrift, Vol, 148, 1956, pp. 36-47.

The variation of mechanical damping with frequency
is studied in the hard glassy region for methacrylate poly-
mers. The primary maxima are related to the transition
of the polymer to the rubbery state. The secondary maxima
are related to the rotation of the methoxycarbonyl side
group, but only appear if this rotation is hindered by adjoin-
ing methyl groups attached to the main chain,

215, Hendrickson, J. A., Wood, D, S., and Clark, D. S.,
THE INFLUENCE OF TEMPERATURE ON PRE-YIELD
PLASTIC AND ANELASTIC MICROSTRAIN IN LOW CARBON
STEEL, Acta Metallurgica, Vol. 4, No. 6, November 1956,
pPpP. 593-601,

Rates of pre-yield microstrain when stress is first
applied are compared with the theoretical rates for the
thermally activated release of dislocations from atmo-
spheres of interstitial solute atoms.

216, Hikata, A., Truell, R., Granato, A,, Chick, B., and
Lucke, K.,
SENSITIVITY OF ULTRASONIC ATTENUATION AND
VELOCITY CHANGES TO PLASTIC DEFORMATION AND
RECOVERY IN ALUMINUM, Journal of Applied Physics,
Vol. 27, April 1956, pp. 396-404,

Measurements of changes in ultrasonic attenuation
together with changes in ultrasonic velocity were made
concurrently with load strain measurements in tensile
tests on the same specimen,
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7. Hilbert, K.,
TEMPERATURE DEPENDENCE OF THE INTERNAL
FRICTION AND OF THE MODULUS OF ELASTICITY OF
GLASSES, Silikattechnik, Vol. 10, 1956, pp. 394-399.

By measuring the flexural vibrations of glass rods a
pronounced internal friction maximum was found in the g
temperature range below the transformation point. This
is believed to be caused by the migration of the silica
tetrahedra in the glass network under the influence of
changing temperature.

. Holder, S. G., Jr., Stansbury, E. E., and Frye, J. H., Jr.,
INTERNAL FRICTION STUDIES ON SILVER AND CERTAIN
SILVER-BASE SOLID SOCLUTIONS, Journal of Metals,

Vol. 8; American Institute of Mining, Metallurgical and
Petroleum Engineers (AIME) Transactions, Vol. 206, 1956,
Pp. 993-997.

Internal friction studies on annealed and cold-worked
pure silver and alloys of silver with 4.5 percent each of
cadmium, tin, and antimony are rep rted. Small amounts
of cold work, introduced by stretching pure silver, decrease
the internal friction; large amounts of cold work, by wire
drawing, cause this decreased internal friction to rise.

Hueter, T, F.,
SONIC TECHNIQUES FOR INDUSTRY, Science, Vol, 124,
No. 26, October 1956, pp. 787-792,

General review of the use of sonic and ultrasonic
techniques in industry.

Hughes, D. S. and Mau.ette, C.,
DYNAMIC ELASTIC MODULI OF IRON, ALUMINUM, AND
FUSED QUARTZ, Journal of Applied Physics, Vol. 27,
1956, pp. 1184-1186,

The dynamic elastic constants of Armco iron, pure
aluminum, and fused quartz have been measured with a
supersonic pulse technique as functions of pressure and
temperature over the range of 1 to 900 Hars and 25° to
300° C (200° C for quartz). Within the experimental
accuracy the dynamic elastic moduli of these materials
can be represented by linear functions of pressure and
temperature,
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221, Hunter, H. F.,
THE STRUCTURAL DAMPING OF TITANIUM AT ELEVATED
TEMPERATURES, Aero. Eng. Rev., Vol, 15, 1956, pp. 18-
21,

The structural damping of titanium at elevated tempera-
tures was tested with heated tuning forks by measuring the
rate of vibration decay. In the range of parameters tested,
the damping alloys increased with stress and decreased with
frequency.
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ATTENUATION OF 5 Mc. SOUND IN ALUMINUM AT LOW
TEMPERATURES, Canadian Journal of Physics, Vol. 34(2),
1956, pp. 159-165.

The attenuation of sound at a frequency of five mega-
cycles has been found to reach a maximum in aluminum at
155° K. Combination of this result with the work of Bordoni,
who obtained a maximum at 40 kilocycles and 100° K, gives
an activation energy in agreement with the value calculated
by Mason for a dislocation relaxation process,
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MECHANISM OF DISLOCATION LOCKING IN ATTENUATION
OF HIGH FREQUENCY SOUND AT LOW TEMPERATURES,
Canadian Jcurnal of Physics, Vol. 34, No. 12B, December
1956, pp. 1498-1500,

The internal friction peak at 155° K in pure aluminum,
using 5 mc/sec sound waves, and enhanced by cold working,
wa3 1nvestigated after different periods of room temperature
aging, It is shown that the loop-length locking point is much
too small to account for the observed peak on the basis of a
dislocation relaxation mechanism,

224, Huzimura T. and Sutoki, T.,
ELASTIC AFTER-EFFECT, Tohoku University, Science
Reports of the Research Institutes, Ser., A, Vol, 8, No. 2,
April 1956, pp. 79-86.

Phenomenon was studied with metal wires at various
temperatures, and the results were explained by the theory
of recovery based on the dislocation model,
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INTERNAL FRICTION DUE TO WATER IN COPPER, Osaka
University, Technology Reports, Vol, 6, March 1956, pp.
141-144,

A copper polycrystalline specimen which contained
0.2 percent oxygen was heated in a hydrogen atmospheare
until it no longer absorbed hydrogen. The internal friction
was measured on this specimen under gradually increasing
temperature from -10° C. Then a peak appeared on the
internal friction versus temperature curve near 0° C,

6. Inoue, Y., Kanai, K., and Hiroi, K.,
TEMPERATURE DEPENDENCE OF DAMPING CAPACITY
OF SOME BINARY MIXED RESIN COATINGS, Kogyo Kagaku
Zasshi, Vol. 59, 1956, pp. 231-236.

The logarithmic decrement of films was determined by
means of vibrational methods at 20° to 120° employing films
coated on aluminum or glass plates, The resins examined
were binary systems, such as (1) butylated melamine-alkyd
phthalate, some natural oil added, (2) unsaturated
polystyrene-styrene, (3) phenolic resin-alkyd, with castor
oil, (4) nitrocellulose-vinyl resin, polyvinyl acetate, and
